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STUDIES ON A PARATYPHOID INFECTION IN GUINEA 

PIGS. 

TTT A Second Type of Saliionell.4 Natur-aely Appeapong in 
THE Endemic Stage. 

By JOHN B. NELSON, Ph.D. 

{From tkc DcpaTlmcnt of Animal Pathology of The Rockefeller inslilutefor Medical 

Research, Princeton, N. J.) 

(Received for publication, June 18, 1927.) 

The course of a natural outbreak of paratyphoid disease in a guinea 
pig population was outlined in a preceding paper.’ The active stage, 
which occupied a period of 8 weeks in the summer of 1924, was followed 
by a long endemic stage characterized by sporadic deaths. A single 
type of Bacillus paratyphi was held to be the agent throughout both 
stages. Continued investigation showed that a second, serologically 
different type had come into the population during the summer of 
1926. The disease was still endemic at the time. The uniformity 
of the guinea pig stock had not been altered, meanwhile, by the 
addition of animals from outside sources. Mention should be made 
here of a similar occurrence reported by Lynch^ who described the 
spontaneous appearance of a second Salmonella type in a mouse popu- 
lation. Further reference to the report will be given in a subsequent 
paper. 

Since the introduction of specific infection into the guinea pig 
population all animals that died from natural causes have been autop- 
sied. In all cases a bacteriological examination, generally of the 
spleen alone, has been made. Previous experience had shown that 
the spleen yielded a positive culture, in the majority of cases, whether 
the animal was a carrier or in a state of active disease. Cultmres that 
were presumptively identified as belonging to the Salmonella group 
were tested by direct agglutination with a specific antiserum. From 

■ ’Nelson, J. B., and Smith, T., /. 1927, xlv, 353. 

- Lynch, C. J., J. Exp. Med., 1922, xjxvi, IS. 

S41 



542 


PARATYPHOID INPECTION. HI 


the onset of the epidemic up to the summer of 1926, the strains iso- 
lated from active cases and from carriers had shown sufficiently uni- 
form agglutination reactions to be regarded as individuals of one 
general type. One serum employed in identification agglutinated 
its homologous strain through a dilution of 1:51,200. With this 
serum the strains examined agglutinated either to the titer limit or 
in the next lowest dilution, 1:25,600. It is realized that conclusions 
based on the outcome of direct agglutination tests alone may be 
misleading. The serum in question, however, was tested against a 
comprehensive series of other members of the Salmonella group and 
found to be low in group agglutinins. Of the types examined none 
agglutinated in a dilution higher than 1 : 800. Even though the iso- 
lated strains were not subjected to a more exact analysis by absorption 
it is believed that the position taken as to their unity is secure. 

The first culture of the second type was isolated from a breeding 
sow, on July 28, 1926. At autopsy the animal showed a congested 
spleen. Focal lesions were not visible grossly. Peyer’s patches of 
the small intestine were prominent and likewise congested. From 
the spleen there was obtained a motile bacillus which produced hydro- 
gen sulfide and which failed to ferment either lactose or saccharose. 
Tested with the stock antiserum it agglutinated only in low dilution, 
1:400. The following month three additional spleen cultures were 
isolated. These gave identical findings. Two of the guinea pigs were 
unweaned young. Only one showed suggestive lesions, the presence 
of small white plaques in the cecum and a congested spleen. The 
third culture was from a young, weaned guinea pig which showed an 
enlarged spleen together with minute focal lesions. 

Animal injection was resorted to as a preliminary measure in the 
identification of these strains. 

1 cc. amounts representing a 1 ; 4,0C0 dilution of an 18 hour bouillon culture 
were injected intraperitoneally into 350 gm. guinea pigs. A single animal was 
employed for each strain. After 14 days the four gumea pigs were chloroformed 
and autopsied. In each case the postmortem findings were typical of paratyphoid 
infection. There was, however, a considerable individual variation in the type 
and extent of the changes produced. All showed enlarged spleens partially 
covered by an exudative membrane. There were no foci. Two showed purulent 
fluid in the gall bladder accompanied m one case by scattered liver foci. The 
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third showed focal lesions alone, and with the fourth the liver was normal. Three 
showed focal lesions m the lymphoid tissue of the small mtestine; while the fourth 
showed small white plaques in the cecum. Pure cultures of an organism possess- 
ing characters identical with those of the injected culture were obtained from the 
spleen in each case. It seemed evident from the above findings that the four 
cultures were Salmonella types. 

Rabbits 'ere given serial intraperitoneal injections of heated 
killed suspensions of two strains for the production of antiserums. 
The two immune serums agglutinated the four cultures equally 
through a dilution of 1: 12,800. A strain of the first type was agglu- 
tinated in low dilution only, 1:800. The absorptive capacities of 
the two immunizing strains as tested by reciprocal agglutinin absorp- 
tion were identical. The above results in conjimction with the animal 
tests establish the position of the four cultures as identical strains of 
a second Salmonella type. From August on sporadic deaths due to 
one or the other of the two types, provisionally designated B. para- 
typhi Types I and 11, have occurred. The relative distribution of 
the two types within the population will be considered in another 
paper. It may be said that 87 cases of the second type have been 
observed and studied during a penod of 10 months. 

In addition to the different agglutinative relationships of the two 
types of B. paratyphi, there was some indication that their loci of 
development in the animal host tended to differ. As previously 
noted,' the most constant manifestation encoimtered in fatal cases 
of the earlier type was the presence of focal lesions m the spleen together 
with enlargement and congestion. Focal involvement of the lymphoid 
tissue of the small intestine was often observed and somewhat less 
frequently of the liver. With the introduction of the second type of 
infection the number of cases showing typical focal lesions in the 
spleen has decreased. Thus, from the autopsy records of 50 con- 
secutive cases of each of the two types, focal lesions were observed 29 
times with Type I and 17 times with Type 11. When present in 
the latter type, however, the focal changes showed no difference 
grossly from those of the earlier form of infection. In the absence 
of fod, congestion and slight enlargement of the spleen were commonly 
observed. Focal involvement of the Peyer’s patches of the gmall 
intestine was also less frequent. In the liver, on the other hand, it 
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was more often observed than in Type I cases. Lesions in tlie cecum 
have likewise been more frequent with the Type II infection. The 
wall of the cecum was generally congested. At times the congestion 
was diffuse, involving the entire wall or extensive areas of it. At 
times it was circumscribed, involving only the lymphoid tissue which 
stood out as deep red circular patches. In addition, yellowish or 
yellowish white plaques varying in number and in size were present. 
Sometimes the plaques were located on the peritoneal surface, some- 
times on the mucous surface. At times a diffuse exudate coated the 
mucous surface giving a dense opaque appearance. Frequently the 
cecal contents was fluid or semifluid. 

Other gross changes noted at times in individual cases included 
involvement of the cervical and mesenteric lymph nodes with hyper- 
trophy and congestion, a purulent fluid in tire gall bladder, and firm 
adhesions binding the liver or spleen to the peritoneal wall. In 
several instances an acute peritonitis was encountered. These 
cases, which were limited to the stock, weaned guinea pigs, were 
marked by a tenacious exudative membrane on tlie surface of the 
liver and spleen, a seromucoid exudate coating the intestinal tract 
and peritoneum, and a considerable volume of turbid, mucoid fluid 
in the abdominal cavity. 

Involvement of the genital tract was often observed in the case 
of adult females from the breeding cages. The uterine wall was 
swollen and diffusely congested. At times a thick, mucopurulent 
exudate was present in the lumen. At times small exudative plaques 
were found on the peritoneal surface of the uterus. In several 
instances an abscessed condition of the mammary gland was en- 
countered. In young female guinea pigs uterine changes aside from 
a slight congestion were not conspicuous. Involvement of the male 
genital tract was rarely encountered. 

The relationsliip of the second type of B. paratyphi to other mem- 
bers of the Salmonella group was studied by means of direct agglutina- 
tion and by agglutinin absorption. An antiserum against Strain 
1149, the first Type II culture isolated, was emplo5’^ed in the direct 
agglutination tests. The antigens w'ere fresh, unheated, saline sus- 
pensions prepared from 18 hour agar cultures and were standardized 
to equal opacity. The agglutination limits of Salmonella tjqjes and 



JOHN B. NELSON 


545 


one strain of B. iypld with the Type II antiserum are given in Table T. 
Of the cultures employed, guinea pig Strains 1149 and 922 were Types 
n and I, respectively, from the present epidemic. Guinea pig Strain 
IV was isolated during a Boston epidemic in 1908. As noted in a 
previous paper,' it was agglutinated by a Type I serum in low dilution 
only. The rabbit strains were isolated during a slight outbreak 
among the stock rabbits in the fall of 1926. The mouse cultures 
were Mouse Typhoid I and II from The Rockefeller Institute in 


TABLE I. 


Agglutination Limits "ivith Type I and Type II Antiserums. 


Guinea pig paratyphoid 922. 


tt 

1149 

« « 

t< 

W.. 

Rabbit 

tt 

5 

U 

ft 

22.. 

Mouse 

tt 

I.. 

tt 

tt 

11 .. 

Rat 

tt 

V.. 

Calf 

tt 

I.. 

Swine 

ft 

IV.. 

B. paratyphi a Schottmuller. 


“ b Rowland 


“ “ aerlryckc 3S7 

“ enieritidis Gaertner (Krai) 
“ cholerx suisX 

“ typhiX 


T>i«l 


1:51,200 

1:400 

1:200 

1:51,200 

1:400 

1:51,200 

1:200 

1:51,200 

1:400 

1:200 

1:200 

1:200 

1:200 

1:400 

1:100 

1:3,200 


Anthenun 


Typtll 


l-.ECO 
1:12, BOO 
1:12,800 
1:400 
1:12,800 
1:800 
1:12,800 
1:800 
1:12,800 
1:12,800 
1:800 
1:6,400 
1:12,800 
1:400 

No agglutinatjon at 
1:100 
1:3,200 


New York. The Rowland strain of B. paratyphi b was obtained 
through the courtesy of Miss Georgia Cooper of the New York City- 
Department of Health. The other cultures were selected from the 
departmental collection. 

The Type II serum agglutinated a number of the miscellaneous. 
Salmonella cultures to the titer limit. Both of the serums were high 
in group agglutinins for B. typhi, while both were low for B. enieritidis, 
and B. cholerse suis. The level of group agglutination for the opposite 
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type was somewhat higher in the case of the Type II serum. In the 
routine examination of cultures from positive cases of paratyphoid 
the limit of group agglutination of the Type II serum with the opposite 
type, however, varied from 1:200 to 1:800. The Salmonella cultures 
which showed a high agglutination with the Type II serum were 
selected for further identification by agglutinin absorption In each 
case the serum in a dilution of 1:25 was absorbed twice with a 1:10 
volume of packed and washed cells. The absorption was carried 
out at 37°C. for 5 hours, followed by approximately 16 hours at ice 
box temperature. The absorbed serum was finally tested in a two- 
fold dilution series ranging from 1:50 through 1:25,600. The results 

TABLE II. 


AggluHnaiion Limits with Type II Scrum after Absorption. 




Agglutination after absorption 


Absorbing culture 

Absorbing 

culture 

Homologous 

culture 

Guinea, nitr narat\T>hoid 1149 


1:100 

« it 

“ IV 


1:200 

Rabbit 

“ 22 


1:100 

Mouse 

“ II 

1:50 

1:50 

Calf 

“ I 

1:200 

1:200 

Swine 

“ rv 

1:100 

1:1,600 

1:200 

1:6,400 

B. Oaralvtlti acrlrvcin 

1:100 

ti u 

b Rowland 

1:50 




of the absorption tests with the Type II serum are given in Table II. 
Absorption with the homologous strain lowered the agglutinin con- 
tent of the serum to the same level for all the cultures. 

The absorptive capacity of the guinea pig culture. Strain IV; the 
mouse culture. Type II; the calf culture. Strain I; and the aertrycke 
type of B. paratyphi corresponded very closely to that of the homolo- 
gous culture. By the direct method tliese cultures were agglutinated 
in low dilution only by the Type I serum. A close relationship 
between them and the Type II organism is indicated. The absorp- 
tive capacity of B. paratyphi b was approximately half that of the 
homologous culture. The reduction in titer of the serum for the 
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Type II antigen after absorption with B. paratyphi b was probably 
due to the removal of group and not specific agglutinin. By the 
direct method the culture was agglutinated in high dilution. The 
difference in absorptive capacity of the two cultures appears suflaciently 
marked to establish their non-identity. The Swine IV antigen 
reduced the titer of the serum approximately 87 per cent as compared 

TABLE III. 


Agglutination Limits vnth Mouse II, Calf I, and B. paratyphi acrlrycke Serums 

after Absorption. 


Senna 

Culltire 

Direct 

agglutiaa* 

tion 

Abiotbmg 

cuUnre 

Arglxjtina- 
tion alter 
absorption 

Cultore 

aeglutiaatcd 

Mouse n 

Mouse n 

1:51,200 

Mouse n 

1:100 

Mouse n 




“ n 

1:100 

Guinea Pig 1149 


Guinea Pig 

1:51,200 

Guinea Pig 

1:100 

Mouse H 


1149 


1149 






Gmnca Pig 

1:100 

Guinea Pig 1149 




1149 


I 

CaUI 

CaUI 

1:51,200 

Calf I 

<1:50 

CaUI 

1 



“ I 

<1:50 

Guinea Pig 1149 


Guinea Pig 

l:25,600| 

Guinea Pig 

<1:50 

Calf I 


1149 


1149 




1 


Guinea Pig 

<1:50 

Guinea Pig 1149 




1149 



S. paratyphi 

B. paratyphi 

1:25,600 

B. paratyphi 

1:50 

B. Paratyphi 

aertryche 

aertrycke 


aertrycke 


aertrycke 




B. paratyphi 

1:50 

Guinea Pig 1149 




aertrycke 




Guinea Pig 

1:25,600 

Guinea Pig 

1:50 

B. paratyphi 


1149 


1149 


aertrycke 




Guinea Pig 

1:50 

Gumea Pig 1149 




1149 




with the 99 per cent reduction by the homologous antigen. It seems 
necessary to assume that some specific agglutinin was removed and 
that the two cultures bear a relationship other than through their 
group agglutinogen. 

In order to establish the identity or close relationship of the cul- 
tures which showed nearly equal absorptive capacities reciprocal 
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tests were made. The Calf I, Mouse II, and acriryckc cultures were 
employed. Rabbits were immunized with the three antigens and 
4 gglutinating serums of high titer obtained. The period of immuniza- 
tion was longer than employed in the preparation of the Type II 
serum and the titer limits of the serums were correspondingly higher. 
Absorption was carried out, as before, with the homologous culture 
and with the Type II culture. The results of the absorption tests 
are given in Table III. 

• The agglutinative afiinities of the second organism as established 
by reciprocal absorption relate it to the aertryckc type of B. paratyphi. 
The identity of the Type II culture, tlie Mouse II culture, and the 
Calf I culture is similarly indicated. The identity of the Type II 
culture, the Guinea Pig IV culture, and the Rabbit 22 culture, while 
unconfirmed, is suggested. The Swine IV culture appears to be a 
less closely related organism, but bearing some specific agglutinogen 
in common witli it. The second organism is related to the Type I 
strains, B. cntcHlidis, B. paratyphi a and b only through group agglu- 
tinogen. The content of group agglutinogen is low except for the 
latter organism from which it is differentiated only by agglutinin 
absorption. It also bears group agglutinogen in common with B. 
iyphl. The indicated relationship of the Guinea Pig II, Mouse II, 
4 nd B. paratyphi aertryckc strains is in agreement uitli the work of 
Webster’’ and of Edwards and Rettger.^ 

SUMMARY. 

■ The spontaneous appearance of a second paratyphoid infection in 
a guinea pig population during the endemic stage of an earlier epidemic 
is reported. A comparative study of the gross pathology of the two 
infectious indicated a difference in the loci of development of the 
respective organisms in the animal host. The two types were readily 
differentiated by direct agglutination with specific immune serums. 
From its agglutinative affinities the second organism was judged to 
be an acriryckc t}pc of B. paratyphi. 

•'Wchstcr, L. T., J. Exp. lied., 1922, x.Tixvi, 97. 

■ Eclv.ards, T. R., and Rcttger, L. F., J. Bad., 1927, xiii, 73. 



VARIATIONS IN THE SCOURS TYPE OF BACILLUS COLI 
FROM THE STANDPOINT OF BACTERIOPHAGIC 

ACTION. 

By JOHN B. NELSON, Ph.D. 

{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. J.) 

(Received for publication, June 18, 1927.) 

Certain strains of the scours type of Bacillus coli, described by T. 
Smith and Bryant, ^ are subject to variation, on solid media, char- 
acterized by the appearance of indented areas at the periphery of the 
colonies. These areas may be v-shaped or hemispherical and are 
underlaid by a secondary growth which differs from the primary, 
mucoid, opaque form in that it is non-mucoid and translucent. The 
bacteria comprising it are actively motile whereas those of the parent 
colony are non-motile or sluggishly so. Both forms produce a diffuse 
turbidity in bouillon. Subcultures made from the secondary growth 
are pure with respect to the characters enumerated and continue to 
breed true in subsequent generations. Subcultures from the parent 
colony are unstable and subject to variation under certain conditions. 

Hadley* describes a somewhat similar type of variation occurring’ 
in colonies of Friedlander’s pneinnobacillus and of various intestinal 
bacteria marked by the appearance of peripheral, bluish, translucent 
invaginations. These may extend radially to produce a fringe or 
backward into the colony which may eventually be wholly consumed. 
The secondary growth is comprised largely of the R type of culture 
and upon subculture yields thin, irregular, translucent colonies. This 
form of variation, termed by Hadley marginal dissociation, may occur 
suddenly and spontaneously in cultures which have previously given 
a normal growth on solid media. Its analogy with the present form 
of variation appears close but not complete. With the colonies of the 

> Smith, T., and Br>’ant, G., J. Exp. Med., 1927, xlvi. 133. 

* Hadley, P., J. Infect. Dis., 1927, si, 1. 
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scours type of B. coH the peripheral indentations are always present in 
the initial culture, made directly from the calf. They are to be ob- 
served in the majority of the colonies. The exceptions, which appear 
normal in that generation, invariably undergo variation upon subcul- 
ture. The secondary growth, unlike that described by Hadley, has 
not shown characters which would suggest the R form of culture, at 
least when first isolated. The colonies do not present an irregular 
border and do not flocculate in liquid media. There is an indication, 
however, that the secondary growth may readily undergo partial 
transformation to the rough type which flocculates spontaneously 
and yields an irregular colony. 

d’Herelle’ has intimated that all fixed bacterial mutations are pro- 
duced through the action of bacteriophage. The changes which occur 
in the colonies of the scours organism do bear a superficial resemblance 
to changes found in the colonies of susceptible bacteria exposed to 
bacteriophagic action. The fact that they regularly recur in genera- 
tion after generation is also suggestive of the influence of some trans- 
missible agent, carried on in subcultures or generated anew with each 
transfer. Unlike the eroded areas of lytic colonies, however, the 
indentations of the scours growth tend to increase in size as the colony 
ages. Moreover they are sometimes delayed until the colony is rela- 
tively old. With such a relationship in view a typical strain of the 
scours organism has been exarqined for evidence which might indicate 
the presence of bacteriophage. 

Attempts to demonstrate a transmissible principle in cultures of the 
primary, mucoid type, using lysis as an indicator, have regularly 
met with failure. Filtrates made from 6, 24, and 48 hour bouillon 
cultures of a typical mucoid strain, B. coli 223 A, possessed no demon- 
strable lytic action. 

In practice, 1 ; 10 and 1 : 100 dilutions in 5 cc. of bouillon were made from the 
filtrates and inoculated ^Y^th 0.05 cc. amounts of IS hour bouillon cultures picked 
from individual colonies of the homologous type. At 37°C. growth was normal 
macroscopically and microscopically through 48 hours. Plates streaked from 1:10 
dilutions after 6 hours of incubation showed normal colonies comparable to those 
of a control plate streaked from a plain bouillon culture. Successive passage of 

’ d’HfrcUe, F., The bacteriophage and its behavior, translated by Smith, G. H., 
Baltimore, 1926. 
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the mucoid tjijc through a filtrate likewise failed to elicit any demonstrahlc lytic 
action. The filtrate of a 48 hour bouillon culture of B. colt 223 A, diluted 1 :10 
with houillon, was inoculated with 0.05 cc. of an 18 hour culture of the same type. 
After 48 hours at ZT’C. the culture was filtered, the filtrate again diluted 1:10, 
and reinoculated. This procedure was continued for six passages. The final 
filtrate was tested, as before, by low serial dilution in bouillon seeded with equal 
amounts of a young culture of 223A. Growth was normal in the dilution tubes. 
There was no inhibition, no macroscopic alteration in the nature of the growth, 
and no microscopic change in the morphology of individual organisms. Plates 
streaked from the 1:10 dilution likewise showed normal growth. Both the orig- 
inal and passage filtrates were also inactive for the non-mucoid variant. 

The association of a bacteriophage with the non-mucoid variant 
seemedless probable. However, 24 and 48 hour filtrates of the variant 
and later a single filtrate subjected to serial passage were tested in 
low dilution against the homologous type and also against the mucoid 
type. Growth was followed at intervals through 48 hours and plates 
were streaked after 6 hours. No inhibition of growth and no change 
in the character of growth were observed with either type. There 
was no indication that the variant, non-mucoid form of B. coli 223 
was lysogenic. 

The exposure of a susceptible organism to bacteriophagic action is 
frequently followed by the appearance of a secondary growth which 
is relatively resistant to lysis. The variant form of the organism 
under discussion might represent such a secondary growth arising in 
response to the action of a lytic agent. If such were the case it should 
possess some degree of resistance to bacteriophagic action while the 
parent, mucoid form should be susceptible. An effort was made to 
recover an active lytic agent, from the animal host, as an indicator 
of the susceptibility of the two culture types. 

Fecal samples were obtained by swab from a series of ten calves. Two individ- 
\ials, Nos. 3 and 4, were scouring when the samples were taken. The remainder 
were recovered cases from which feces were secured within a week following the. 
disappearance of active symptoms. Heavy suspensions were made from the 
swabs in approximately 15 cc. of bouillon and incubated at 37°C. After 3 to 6 
hours an agar plate was streaked from each culture. After 48 hours they were 
filtered through paper and a Berkefeld N candle. The filtrates were tested for 
lytic activity against the A and E types of B. coli 223 and against at least one 
strain, presumptively identified as B. coli, isolated from the corresponding plate. 
Growth was observed in 1 : 10 and 1 :100 bouillon dilutions of each filtrate and on 
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agar plates streaked from them. The activity of the individual filtrates against 
the three strains is given in Table I. 

Only one sample from each calf was examined and a second passage 
of the cultures was not attempted wth individual filtrates wMch 
showed no initial activity. Hence the results indicate only roughly 
the distribution of bacteriophage within the series. The filtrate from 
Calf 1 was selected for further study. Preliminary examination had 
failed to indicate any difference in the strength of the two filtrates 
•which were active for the scours type. 

TABLE I. 


Action of Calf Fillralcs on B. coU Strains. 


CM No. 

Type of it. coU 

213 A 

223 E 

Fecal culture 

1 

— 


+ 

4 

3 

— 

— 

+ 

4 

— 

— 

+ 

5 

6 



+ 

7 

8 



+ ' 

9 

— 


— 

10 

— 

— 

— 


The above filtrate was retested against the non-mucoid E type of B. coli 223. 
Dilutions ranging from 10~^ through 10~^“ were made in 5 cc. amounts of bouillon 
and inoculated with 0.05 cc. of an IS hour bouillon culture. A culture control 
was included. Separate pipettes were employed throughout for each mixing. 
After 1 hour at 37°C. there was a faint, diffuse turbidity in all tubes. Micro- 
scopically, by hanging drop, the first two dilutions showed numerous small clumps 
together with motile free forms. After 2 hours there was a fine, macroscopic 
flocculation in the first two tubes. Alicroscopically there was an increase in the 
size and number of clumps. In addition, many individual bacteria, both clumped 
and free, were definitely increased in size. After 6 hours the supernatants of the 
first two dilutions were nearly clear, a few floccules remaining suspended. There 
was an abundant granular sediment at the base. The third dilution showed no 
visible fiocculation but a scant granular sediment. The turbidity of the remain- 
ing dUutions and control was diffuse, with no floccules and no sediment. Micro- 
scopically the first two dilutions, after shaking, showed clumps of varying size with 
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comparatively few free forms. The majority of the bacteria displayed a swollen 
appearance with an increase in size of from 2 to 5 or more diameters. There was 
a marked variation in the shape of individual cells. Spherical, elliptical, and 
drumstick shapes were most common. The larger forms frequently showed one 
or more central vacuole-like areas of different refraction from the remainder of the 
cell. In addition, indistinct granules were sometimes \Tsible. The larger of the 
swollen forms bore a resemblance to yeast cells. Decreasing numbers of these 
forms and clumps were seen through dilution IQ-®. The remaining dilutions and 
the control showed no swollen forms and only an occasional small clump. 

After 24 hours there was a noticeable decrease in the bulk of the sediment at the 
base of the first two dilution tubes, which could not be attributed simply to gravity. 
The supernatants showed a faint turbidity with floccules in susjxmsion. Dilution 
10"® displayed a heavier sediment with a turbidity distinctly less than that of the 
control. With dilutions lO"^, 10"®, and 10“® the turbidity was equal to that of 
the control, but there was a scant granular sediment with fioccules suspended in 
the lower third. The remaining dilutions and the control showed a heavy, diffuse 
turbidity and a very scant, compact, button-like deposit quite different from that 
of the preceding dilutions. Microscopically the first two dilutions showed a 
marked decrease in the number of swollen forms. Clumps were still visible. 
Some showed sharply outlined bacteria but in many cases the individual units 
appeared indistinct, often granular in shape. Dilutions 10"®, 10”*, 10"®, and 
10"® showed many clumps together with free normal bacteria and an occasional 
swollen form. The bacteria in the remaining dilutions and the control were evenly 
distributed in the fields with a few small clumps and no swollen forms. 

After 48 hours there was no appreciable change in the macroscopic or micro- 
scopic appearance of the first six dilutions. Dilutions 10"^ and 10~® were slightly 
less turbid than the control with scant granular sediment and suspended floccules 
in the lower portions. The remaining dilutions and the control showed com- 
parable tmrbidity with no flocculation and no change in the sediment. Dilutions 
10”*, 10"®, lO"®, lO"*®, and 10"** were filtered through Berkefeld candles and 
retested in one dilution only, 10"*. The fom highest dilutions showed normal 
growth macroscopically and microscopically through 48 hours at 37°C. Dilution 
10”* showed a few clumps and small swollen forms after 6 hours. After 24 hours 
there was a decreased turbidity with granular sediment and suspended fioccules. 
The 10”* dilution faithfully reproduced the original reaction. 

A portion of the same filtrate was likervise tested against the mucoid A type, 
of B. coU 223. The same method was employed but only five dilutions from 10”* 
to 10”® were included. The tubes were examined at the same intervals as before 
through 48 hours at 37°C. Growth was normal in all dilutions from the start 
and at no time showed any variation from that of the control. Swollen forms 
were not seen in hanging drop preparations. Plates streaked from the 10”* 
dilution and from the control shovmd no significant difference in the number of 
colonies and no deviation from normal in their appearance. Since the original 
filtrate displayed no initial lytic activity for the mucoid type an attempt was made 
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to adapt it. Six passages of the mucoid type -were carried out with 48 hour in- 
tervals between filtrations. The final filtrate showed no demonstrable lytic ac- 
tion against the passage type of the organism when tested as before. 

Serial passage was also resorted to in attempts to increase the activity of the 
original filtrate for the non-mucoid E tjTpe. SLx passages were made with 48 hour 
intervals between inoculations. The final filtrate was tested in a dilution series 
with a range from 10"^ to 10"^^. The lytic strength of the filtrate was not appre- 
ciably affected. It displayed no greater tendency to cause complete lysis of the 
homologous bacteria, with permanent inhibition of growth, than did the original 
filtrate. There was, however, an increase in titer. A marked reaction was 
shown in dilution 10"® after 6 hours and a scant reaction in dilutions 10~® and 
10~^° after 48 hours. The limiting dilution was determined, as before, by filtering 
and retesting in low dilution after 48 hours. Fourteen additional passages were 
carried out with a 24 hour interval between inoculations. The final filtrate 
showed no significant difference in action or in titer from the previous one. Like 
the original filtrate it was inactive for the parent, mucoid type of culture. 

DISCUSSION. 

The activity of the filtrate employed in the preceding work was 
weak but nevertheless definite. A growing culture of the non-mucoid 
variant upon exposure to a low dilution of tlie filtrate was first agglu- 
tinated and then altered morphologically. Individual cells became 
markedly exaggerated in shape, size, and internal structure. By pro- 
longed examination it was at times possible to observe the rupture of 
the swollen cells. There was immediate shrinkage, with a minute 
granule-like residue. Complete dissolution apparently did not occur 
in most instances. Hanging drop preparations made from 24 hour 
filtrate cultures showed clumps composed in part of minute, poorly 
staining granules, together with an occasional swollen form and some- 
times clearly outlined, deeply staining rods. The factor accountable, 
in part or in whole, for the cellular agglutination was slightly active 
for bacteria killed by heat. With dead bacteria, however, the agglu- 
tination was slow, occurred only in low dilutions, and was not accom- 
panied by any morphological alteration of the cells. The active 
principle of the filtrate was relatively sensitive to heat. Exposure of 
the undiluted filtrate to a temperature of 5S°C. for 30 minutes resulted 
in partial inactivation. At 65°C. for 30 minutes there was complete 
inactivation. 

The weak lytic activity of the filtrate was demonstrable only in the 
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presence of the non-mucoid variant type of culture. In the presence 
of the parent, mucoid type it was inactive. The anomalous suscepti- 
bility of the two forms of growth together with the inactivity of their 
filtrates is opposed to the natural association of bacteriophage with 
the described scours organism as the agent responsible for variation. 

CONCLUSIONS. 

1. A lytic agent was not demonstrable in culture filtrates of either 
the parent or variant type of the scours organism. 

2. The parent type was resistant to the action of a “weak” bac- 
teriophage, obtained from the animal host, while the variant type was 
susceptible. 

3. Exposure of the variant type to the scours bacteriophage was 
attended by agglutination of the cells, marked swelling, and an altera- 
tion of the contents prior to lysis. 

4. The manifestations of variation which regularly occur on agar 
plate cultures of the scours organism do not appear to be the result 
of bacteriophagic stimulation. 




MICROBIC VIRULENCE AND HOST SUSCEPTIBILITY IN 
PARATYPHOUD-ENTERITIDIS INFECTION 
OF -ftTIITE MICE. 

XII. The Efeect of Diet on Host Resistance. 

Further Studies. 

By IDA W. PRITCHETT, Sc.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, May 31, 1927.) 

In a previous paper we described experiments in which it was shown 
that mice of the Rockefeller Institute strain, when fed on a ^IcCoI- 
lum “complete” diet, were far more resistant to per os infection with 
a mouse parat}rphoid bacillus than were mice of the same strain fed 
on the routine bread and milk diet.^ Since this paper was published, 
we have had it in mind to analyze the results in order to find out, if 
possible, which constituents of the McCollum diet were chiefly re- 
sponsible for the increased resistance to infection. This work has 
been done during the past year, and we have sought to ascertain 
(1) the constituents of the McCollum diet which promote resistance 
to the infection, and (2) whether the observed seasonal fluctuations 
in resistance to the infection^-® are correlated with seasonal changes in 
diet. 

The first experiments were planned to determine (a) the effect of 
the omission of the butter fat from the McCollum diet, and (fi) the 
effect of the constituents of that diet, other than butter fat, when 
added singly to the ordinary bread and milk ration. 

The mice employed were obtained from the Rockefeller Institute breeding room 
and had been reared on a diet of bread and milk, grain mixture, and dog biscuit. 


^ Webster, L. T., and Pritchett, I. W., J. Exp. Med., 1924, xl, 397. 
-Pritchett, I. W., J. Exp. Med., 1925, xli, 209. 

® Pritchett, I. W., J. Exp. Med., 1926, xliii, 173. 
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from the time of weaning until they were 6 to 8 weeks of age. They were then 
removed to another building and placed in metal cages in groups of 12 and 
13. At this time the various modified diet groups were arranged, a control 
group being maintained on the ordinary bread and milk diet. The mice were 
given the same care that they received in the breedng room; the cages were kept 
as clean as possible, uneaten portions of the ration being removed at the end of 
the day. On the day of inoculation each mouse was placed in a separate battery 
jar containing clean shavings and received by means of a stomach tube about 
5,000,000 bacilli from an 18 hour broth culture of mouse typhoid (B. pcsHs cavix). 
Each test was allowed to run 8 weeks. 



Text-Fig. 1. 


EXPERIMENTAL. 

Experiment 1 . — Two groups of mice of the Institute strain, one lot of 24 and 
another of 25, were caged in groups of 12 and 13. One lot, consisting of 25 mice, 
received, in addition to a constant supply of fresh water, a McCollum diet from 
which the 5 per cent of butter fat had been omitted, the rest of the formula being 
the same as that previously employed: 

Whole wheat flour 67.5 per cent. 

Casein (commercial) 15.0 “ “ 

Milk powder (Klim) 10.0 “ “ 

Sodium chloride 1.0 “ “ 

Calcium carbonate 1.5 « « 
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The second lot, consisting of 24 mice, was fed on the bread and milk diet and 
served as controls. After having been on these diets for a period of 10 days, 
each mouse was given by means of a stomach tube the standard dose of about 
5,000,000 mouse typhoid bacilli. 

The mortality curves for these tests are given in Te.xt-fig. 1. From 
them it will be seen that the death rate of the McCollum group is 
lower than that of the bread and milk group, though not so low as were 
the rates previously observed when the complete McCollum formula, 
including the butter fat, was fed.* 



Text-Fig. 2. 

Experiment 2 . — ^This test was planned to control Experiment 1 and in addition 
to try the effect of the various constituents of the McCollum diet, other than butter 
fat, when added separately to the routine bread and milk diet. The following 
diet groups were arranged, the substances used in the modiffed diets being thor- 
oughly mixed with the bread and milk ration before feeding. 

• A. 20 Institute mice. Bread and milk diet plus 10 per cent powdered whole 
milk (Klim). 

B. 18 Institute mice. Bread and milk diet plus 10 per cent commercial casein 
C-20 » » “ » “ “ » 10 •< “ whole wheat flour.’ 

D-47 “ “ » “ only— controls. 

E. 20 “ “ McCollum diet minus butter fat. 

The mice were kept as before in small groups in cages. After 2 weeks on the 
various modified diets, each mouse was placed in a separate battery jar and re- 
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received per os the usual standard dose of mouse typhoid bacilli. The results of 
this experiment are given in Text-fig. 2. 

It wll be seen from Text-fig. 2 that the mortality rate in all 
groups, except the modified McCollum diet group, closely approxi- 
mated that of the controls. Thus none of tlie constituents of the 
McCollum diet that were tested separately in this experiment had been 
capable of conferring a resistance equal to that of a combination of 
the same substances, to which was added a salt mixture. 

It appeared from this experiment that Klim, casein, and whole 
wheat flour exerted by themselves little beneficial effect upon the 
mice. A third experiment was therefore planned to test the effect of 
the addition of butter fat, the chief remaining constituent of thn Mc- 
Collum diet, to the control bread and milk diet. Cod liver oil, a 
substance of somewhat similar dietary properties, was also tested. 

Experimci^ 3 . — Mice of the Institute strain were brought up from the breeding 
room on December 1, 1925. The following diet groups were arranged: 

A. 22 Institute mice. Bread and milk diet plus 10 per cent butter fat. 

B. 22 “ “ “ “ “ " “ 10 “ “ cod liver oil (Harris). 

C. 24 “ “ “ “ " “ only — controls. 

D. 24 “ “ McCollum diet minus fat. 

On December 15, each mouse received per os the usual standard dose of mouse 
typhoid bacilli, containing about 4,250,000 organisms. The results of this 
c.xperiment are given in Text-fig. 3. 

It will be seen from Text-fig. 3 that the mortality rates of all the 
groups on the modified diets were considerably lower than that of the 
control group. The inference drawn from these experiments is that 
butter fat is the most important single constituent of tlie McCollum 
“complete” diet in raising the resistance of mice of the Institute strain 
to infection with the mouse typhoid bacillus, and that the same pro- 
tective action may perhaps be found in cod liver oil. 

A series of experiments was now performed in an effort to determine 
the relative efficacy of various fat-containing substances In protecting 
our mice against experimental mouse tjqjhoid infection. Keeping in 
mind the possibility, already mentioned, that observed seasonal 
fluctuations in resistance might be due in some way to seasonal 
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changes in diet, we employed for these experiments (o) a fat known 
to vaiy- seasonally in its content of accessory food factors, (b) a fat 
known to be relatively constant in its content of such factors, and (c) 
a fat thought to be free of vitamins. They were represented by the 
following fats and oils: 

1. Butter fat (from Borden’s sweet butter). Subject to seasonal fluctuations 
in its content of fat-soluble ^•itamin. 

2. Cod liver oil (Harris). A concentrated and relatively uniform source of 
fat-soluble vitamin. 

3. Crisco. A hydrogenated vegetable oil thought to be lacking in vitamins. 



In addition two other diets were employed: 

A bread and milk diet in which the milk had been subjected to the direct 
h'ght of a small mercury vapor lamp, for 1 hour. 

5. McCollum diet minus fat. 

Experiments with several of these diets were carried out through- 
out the first half of the year 1926, from January to June inclusive, 
since previous studies had indicated that at this time of year our mor- 
tality rates were likely to be at their highest.^’’ The mUk employed 
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Eipeiiment 

started 



Number 
of mice 


1.1S.26 Bread and milk + 10 % butter fat • 25 


McCollum minus butter fat. 


Bread and milk — control. 



2 . 16.26 Bread and milk + 5% butter fat 20 

Bread and milk + 5% cod liver oil 20 

Bread and milk + 5% Crisco 20 


McCollum minus butter fat. 


Bread and milk — control. 


3.16.26 Bread and milk + 5 % butter fat 30 

Bread and milk + 5% cod liver oil 29 

Bread and milk + 5% Crisco 29 

Bread and milk — control 3i 


4.15.26 Bread and milk + 5% butter fat 29 

Bread and milk + 5 % cod liver oil 20 

Bread and milk + 5 % Crisco 29 

Bread with rayed milk 20 


Bread and milk — control. 


5.14.26 Bread and milk + 5% butter fat 29 

Bread and milk + 5 % cod liver oil 20 

Bread and milk + 5% Crisco 20 

Bread with rayed milk 20 


Bread and milk — control. 


6.15.26 I Bread and milk + 5% butter fat | 20 

I Bread and milk + 5% cod liver oil I 20 


Bread and milk + 5% Crisco. 


Bread with rayed milk. 


Bread and milk — control. 


Number of mire 
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Experiment 

started 


Number 
of mice 


TABLE 
Number d mil 

lUliUhleblsIp {io|n|i2|i3|H|is 



Bread and milk + 5% cod LVer oil 

50 



Bread and milk — control 

50 



Bread and milk + 5% cod liver oil 

50 



Bread and milk — control 

48 



Bread and milk + S% cod liver oil 

50 

— 


Bread and milk — control 

50 


Bread and milk + 5% cod liver oil 

48 



Bread and milk — control 

48 



Bread and milk + 5% cod liver oil 

48 



Bread and milk — control 

49 



Bread and milk + 5% cod liver oil 

SO 



Bread and milk — control 

SO 





1 

2 
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— Concluded. 
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for Diet 4 above was identical with that used for the control bread and 
milk diet except that it had been exposed for I hour, in a shallow glass 
vessel, at a distance of 4 or 5 inches, to the light of a small mercury 
vapor lamp, and was thoroughly stirred with a pipette at the end of 
the first half-hour. From the month of March on the modified Mc- 

Tbtal 
percent 
dead 

73 
50 


75 

30 


73 

50 


73 

50 


73 

50 


Collum diet (minus butter fat) was abandoned, and only the bread and 
milk control diet together with its fat and rayed milk variants was 
employed. This was done in an effort to simplify the problem as much 
as possible and to permit the use of larger numbers of mice in each 
diet group. From February on only 5 per cent of fat was used in the 
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modified diets, instead of the 10 per cent employed m the earlier ex- 
periments. This was done in order that the fat content of the modi- 
fied bread and milk diets mightbemore nearly comparable to thatof the 
whole McCollum diet, the original formula for which, as given us by 
Dr. E. V. McCollum, called for 5 per cent of butter fat. The results 
ofalItheseexperimentsarecondensedinTableIandinText-figs.4 and 5. 

Text-fig. 4 shows the monthly mortality rate for each of the modi- 
fied diet groups, and for the corresponding control groups, from 
October, 1925, to December, 1926, inclusive, thereby including all the 
experiments recorded in this paper. The mortality rate for any one 
month represents the total mortality of the mice used in the experi- 
ment begun in that month, all experiments being started on or near 
the 15th. "Although the points on this chart are discontinuous, re- 
lated points have been roughly connected into curves, in order to 
enable the reader to compare more easily the mortality rates of the 
mice on the various modified diets with the rate of the controls on the 
plain bread and milk diet. The total per cent mortality is indicated 
along the ordinate, while the successive months are arranged along 
the absdssa. In each division of the chart appear two curves — that 
of the diet group indicated, together with that of the control group 
for the same period. In October and November only the McCollum 
diet minus fat was used, in addition to the control bread and milk diet. 
From December on, several fat diets were included in the experiment 
and for each one a separate curve is plotted, in each case accompanied 
by the conesponding portion of the control curve. These diets were 
continued through June, 1926, after which time only the cod liver oil 
and the control diet groups were employed. 

It will be seen that, almost without exception, the total mortalit}’’ 
rate of the control group was higher than that of the groups on the 
various modified diets. The results presented here are somewhat 
fragmentary, since only the cod liver oil and control series were carried 
on throughout the year. Nevertheless, within the longer or shorter 
periods covered, the effects of all the modified diet groups, save one, 
were consistent. In every case except that of the group receiving the 
bread and milk diet plus 5 per cent Crisco, the mortality rate is con- 
sistently lower than in the control group on the unmodified bread and 
milk diet. They follow with considerable regularity the fluctuations 
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in mortality of the control group, a tendency tO' stabilization of the 
death rate at a level lower than that of the controls being indicated. 
The mortality rate of the Crisco series, on the other hand, was three 
times lower than, once higher than, and once equal to that of the con- 
trol series. 

Text-fig. 5, like Text-fig. 4, is compiled from the data given in Table 
I, and shows the separate mortality curves of each of tlie montlily 
diet experiments. In each division of the chart appear two curves, 
plotted as total mortality against time — that of tlie diet group indi- 
cated along the left margin of the chart together with the correspond- 
ing control curve. The curve for the control group in any one month 
is therefore repeated as many times as there were modified diet groups 
in the experiment for that month, ' In this chart it is easy to compare 
the separate diet curves throughout their course with the correspond- 
ing control curves. It will be seen that for tlie most part the various 
diet curves exhibit considerable similarity in their tendency to approxi- 
mate or diverge from the corresponding control curve in any given 
month. In December, January, and Februar 5 »-, the final mortality 
rate of all the modified diet groups was considerably below that of the 
controls. In March, however, the mortality rate in the control group 
dropped and closely approached the level usually attained by the 
groups on the modified diets. In April and May, the death rate in 
the control group increased somewhat and again diverged from tlie 
level usually attained by the modified diet groups; tlie only decided 
exception is in the May group receiving the modified diet plus Crisco, 
which showed a mortality rate above that of the Maj'- control group. 
In June, the mortality rate in the control group again dropped and 
approximated the level maintained, with fair regularity, by the modi- 
fied diet groups. 

In the period from July to December inclusive, only the control diet 
and the cod liver oil diet were employed, 50 mice being included 
monthly in each diet group. In July, botli curves were surprisingly 
high for this time of year and closely approximated each other. 
Thereafter they showed the customary divergence, except in the 
month of November, when both were again high. 

It seems to be clearly indicated by these experiments that butter 
fat is the most important single constituent of the !McCollum diet in 
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protecting the mice against per os infection with the bacillus of mouse 
tj'phoid. The degree of protection afforded by butter fat, when added 
to the control diet, was about equal to that of all the other constituents 
of the McCollum diet combined, and was closely approximated by 
that of cod liver oil. 

■WTiile seasonal fluctuations in resistance were not completely elimi- 
nated by the various modified diets, they were reduced. There 
was apparently a tendency for the various modified diets to stabilize 
the death rate at a point lower than that usually reached by the mice 
on the control diet. 

DISCUSSION. 

Recently a paper has appeared by Vaile^ on the correlation between 
fat consumption and susceptibility to tuberculosis. Through a per- 
iod of 7 years’ coimtry practice in England, he studied various families 
in which cases of tuberculosis had occurred, dividing up their mem- 
bers into two groups according to whether they were or were not nor- 
mal fat eaters. He concluded that “when several persons are equally 
exposed to infection [with tuberculosis], those who habitually eat 
animal fat will probably escape — but may not, while those who avoid 
fat may escape — ^but probably will not.” He could not see that forc- 
ing fat consumption above the level reached by the normal fat eater 
was profitable. 

So far as I am aware, most of the published experiments on the effect 
of diet upon susceptibility to disease are concerned primarily with 
diets in which one or more of the accessory food substances is markedly 
deficient or wholly lacking. In the experiments here recorded, this 
was not the case. The “control” diet employed here was one which 
had been shown, through a period of years, to be adequate for the 
breeding and rearing of successive generations of mice, apparently 
without any loss of vigor. Though somewhat fragmentary, the 
experiments here recorded do suggest, however, that the addition of 5 
per cent of an active animal fat to an apparently adequate diet can 
so improve its quality as to increase the resistance of mice fed on such 
a modified diet to per os infection with the badUus of mouse typhoid. 
The reason for the beneficial effect of these modifications of our bread 

■•Vaile, W. B., Lancet, 1927, cadi, 72. 
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and milk diet, aside from the probable promotion of better general 
health, is not known. The bread and milk food may be one of the 
borderline diets referred to by Cramer,® who observes that the defici- 
encies of an apparently adequate diet may manifest themselves only 
when the animal is subjected to a strain. It is difficult to say whether 
these deficiencies could be made good in a scant 2 weeks’ feeding on 
the modified diets, before inoculation with the bacillus of mouse ty- 
phoid. The consistency of the results would seem to indicate, how- 
ever, that the apparently increased resistance of the mice on the modi- 
fied bread and milk diets containing butter fat and cod liver oil, as well 
as those on the modified McCollmn diet, was not due to chance. 

SUMMARY. 

When 5 per cent of butter fat or cod liver oil is added to a bread and 
milk diet, in itself adequate to promote the breeding and rearing of a 
healthy stock of mice through a period of years, the resistance of these 
mice to per os infection with the paratyphoid mouse typhoid bacillus 
(JB. pcsiis cavi-x), as compared to that of mice on the unmodified 
diet, is definitely increased. A similar effect may be obtained with a 
McCollum “complete” diet, even when tlie butter fat is omitted, and 
with a bread and milk diet in which the milk used has been rayed with a 
mercury vapor lamp. When an inactive fat like Crisco is added to 
the bread and milk diet, the results obtained are not very dear-cut. 
While seasonal fluctuations in resistance to mouse tj'phoid were not 
completely eliminated by the various modified diets, they were never- 
theless reduced, the modified diets tending to stabilize tlie death 
rate at a point lower than that usually reached by the mice on the 
control diet. 

® Cramer, W., Bril. J. Exp. Palh., 1922, iii. 298. 
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{From the Eospital oj The Rockjcller Inslilule for Medictd Research^ 

(Received for publication, June 20, 1927.) 

INTRODUCTION. 

The word “diathermy” means heating through. It was coined 
by Nagelschmidt (1) to describe the effects of the passage of certain 
electrical currents through the human body. Tesla* (2) is responsible 
for perfecting apparatus whereby high tension alternating currents 
of high frequency can be produced. In the Electrical Engineer for 
December, 1891, Tesla says: “Without vouching for all the results, 
which must of course be determined by experience and observation, 
I can at least warrant the fact that heating would occur by the use 
of this method of subjecting the human body to bombardment of alter- 
nating currents of high potential and high frequency.” He goes 
on to throw out the suggestion that such heating of the body may 
some day find an important place in therapeutics. This prediction 
is in a sense correct. Diathermy has come to be one of the most 
widely used of the so called “physiotherapeutic modalities.” More- 
over, a copious literature, mostly of an empirical and casuistic kind, 
has sprung up, dealing with the therapeutic application of diathermy 
in a variety of clinical conditions. Much of this prolific literature 
attributes the beneficent action of these currents solely to the pro- 
duction of local deep heat, though some writers go as far as to stress 
the value of “cellular massage,” which they claim the current pro- 
duces. Medical diathermy, as distinguished from fulguration and 
cauterization, is today being used in the treatment of many diseases, 

* We have since learned that Dr. Elihu Thomson of the General Electric Com- 
pany was probably the first to construct a dynamo capable of producing high fre- 
quency currents. 
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such as angina pectoris, arteriosclerosis, arthritis, asthma, bronchitis 
and brondiiectasis, cholecystitis, essential hypertension, gonorrhea, 
gout, hemorrhoids, impotence, intermittent claudication, lumbago, 
lupus, myocarditis, neuralgia, paresthesias, pneumonia, Raynaud’s 
disease, scleroderma, sciatica, tabes, tuberculosis, uterine displace- 
ments, varicose veins, whooping cough, and xantlielasma. For the 
successful treatment of each one of these conditions there are one or 
more enthusiastic champions. 

Such a list naturally gives one pause and makes for skepticism, 
especially as it is so extraordinarily difficult to arrive at sound judg- 
ments in regard to remedial measures. Still, it should be borne in 
mind that the application of heat wdth the production of hyperemia 
is a time-honored medical procedure and one whicli may well have 
unsuspected usefulness. In the treatment of pneumonia, partic- 
ularly, reports of the successful application of diatliermy have been 
numerous, widespread, and enthusiastic. Stewart’s (3) work is 
especially suggestive. The rationale for tlie use of diathermy in 
pneumonia has been variously ascribed to the hastening of resolution, 
the stimulation of the normal defenses of the body, and tire direct 
lethal action on the microorganisms of the heat developed in the lung. 

We were led to a study of the bodily responses to high frequency 
currents as a preliminary to an investigation of the value of diathermy 
in pneumonia. D’Arsonval (4) made the fundamental observation 
that when this type of current is passed through the human body 
muscle contraction is felt up to about 5000 interruptions per second. 
At 5000 interruptions muscle contraction is feeble, disappearing 
beyond 10,000.== At these frequencies, however, there occurs an un- 
pleasant feeling of heat. The problem which confronted us was to 
find out whether deep localized heat could actually be produced in 
the body'. Before presenting an account o^ our experiments and the 

- Nerast (S) developed mathematically a generalization stating that the physi- 
ological threshold for relatively weak alternating currents varies inversely as the 
square root of the frequency. The number of times a current must alternate if it 
is to lose its stimulating and electrolytic powers depends upon its strength. Strong 
currents must hav'e a higher frequency than weak ones. The Nemst formula is 
/ = VNC, vhcre/ = intensity of alternating current, iV = number of complete 
cycles per unit of time, and C = a constant. 
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results obtained from them, it will be well to 
consider briefly the character of the so called 
diathermy current and some of the laws govern- 
ing its use. 

The Nature of the So Called Diathermy Current, 

The diathermy current is an alternating current 
of high voltage and low amperage, very rapidly 
reversed in its polarity. Usually the voltage 
employed in the secondary circuit is approxi- 
mately 30,000 to 40,000, the voltage in the body 
being lower, but not accurately ascertainable. 
The current is from 1 to 2 amperes, and the 
frequency of oscillation about 1,000,000 to 
2,000,000 cycles per second.* Such currents can 
be produced by suitable apparatus consisting 
essentially of the parts shown in Fig. 1. 

In this diagram b is the core of a transformer 
which transforms the low voltage current in the 
primary coil (o) into a high voltage current of the 
same frequency in the secondary coil (c). This 
current charges the condenser (d) to a voltage 
sufficient to break down the insulation of the 
spark-gap (e) . The condenser (d) then discharges 
through the drcuit d e / with an alternating 
current of high frequency determined by the 
small capacity of (d) and the small inductance 
of if). The current induces in the oscillator (g) 
a current of the same high frequency but of 
again increased voltage. 




Fig. 1. Diagram of 
high frequency appa- 
ratus after Cumber- 
batch (6). (o) prim- 
ary coil, (6) trans- 
former, (c) secondary 
cofl, (d) condenser, 
(e) sp>ark-gap, (/) 
oscillator, (g) resona- 
tor. 


‘The physical constants of the apparatus which we used were: 

Primary voltage, 110. 

Secondary transformer voltage, 36,000. 

Frequency in primary drcuit, 60 cydes per second. 

Frequency in secondary or oscillating circuit, 1,250,000 cydes per Second. 
Amount of capadty in secondary drcuit about 900 cm. 

Damping factor in secondary circuit, or logarithmic decrement, slightly 
below 0.5. 
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It is not unlikely that modern radio equipment may soon be used 
to advantage to replace this type of spark-gap madiine. 

The frequency of oscillator}* discharge will depend upon: (1) the 
amoimt of self-induction in the spiral oscillator, (2) the capacity of 
the condenser, and, to a slight extent (3) the resistance of the circuit. 

When a current traverses a conductor, heat is generated. The 
number of units of heat developed in the conductor is proportional 
to (l) its ohmic resistance, (2) tlie square of tire current strength, 
(3) the duration of flow. For a continuous current the heating effect 
is proportional to I-R, where I is the steady current and R tlie normal 
resistance of the conductor at any definite temperature. With dia- 
thermy high frequency currents the heat is again proportional to PR, 
but in this instance I denotes the average flow of current throughout 
the successive cycles, and R is the ohmic resistance plus the effect 
of dielectric loss. 

The heating effects of these currents have for the most part been 
studied in non-living systems. A favorite experiment has been the 
coagulation of egg albumin or the cooking of meat and potatoes. 
Two statements are frequently made concerning the diathermy cur- 
rent, first, that the current always flows through tlie shortest path 
between the electrodes regardless of the resistance it encounters; 
second, that the heating occurs first at the center of tlie current path 
and later at the two ends. In another communication (7) we will 
present evidence to show that neither of these statements is strictly 
accurate. 

Arguments from analogy based on such invitro experiments have been 
carried over to the clinical application of diatliermy, and have been 
responsible for many false assumptions. The living body is not a 
sausage, nor yet a tube filled with albumin water. It is a heterogen- 
eous system composed of tissues with different specific conductivi- 
ties and heat capacities. Moreover, these tissues are variously 
placed and must therefore lose heat at different rates, according to 
the efficiency of their circulation, and the opportunity afforded them 
for heat loss by radiation, convection, and conduction. Thus far, 
it has not been definitely established cither that deep local heat can 
be produced by the diathermy current or, indeed, that the current 
penetrates into the deeper portions of the body. 
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Recentl}-, Bethman and Crohn (8) have presented evidence which 
they believe indicates that the so called “skin effect” is a factor in 
keeping the current near the surface of the body. Moreover, these 
authors state that in e.xperiments with anesthetized dogs they have 
“found it extremely difficult at any time to raise the systemic tem- 
perature more than a few fractions of a degree.” Such has not been 
the case in our e.xperiments, as will be brought out later, nor in the 
experiments reported by Lonergan (9). Dowse and Iredell (10), 
appljdng the formula developed by Lord Rayleigh, A. Russell, and 
others, “assume that no measurable skin effect will be present” in the 
passage of a current of 10® periods per second through the human body. 
They emphasize, further, the unreliability of attempting to measure 
current strength in the body accurately by means of a hot wire 
ammeter. 

The fact of the passage of current through tissue can best be estab- 
lished by proof of heat development in the tissue. That this heat will 
be quickly dissipated, and that it may be conveyed to the tissue from 
adjoinmg structures, are two complicating conditions which need to 
be carefully controlled. 

It has been the object of this study to learn •whether or not local 
deep heat is developed in the living animal body by the passage of the 
current, and if so, imder what conditions. 

EXPERIMENTAL. 

I. Effect of Diathermy Current on the Rectal Temperature. 

There can be no doubt that the general systemic temperature as 
measured by a rectal thermometer can be raised by the passage of the 
diathermy current. This has been sho-wn by Setzu (11), von Zeynek 
and his coworkers (12), and Lonergan (9), as well as frequently in our 
own experiments. In Table I it will be seen that in imanesthetized 
individuals of three different species the rectal temperature as ob- 
served by us was raised from 1-2°C. in as many hours. 

In anesthetized animals (dogs) we have frequently seen a rise in 
rectal temperature of as much as 5-6°C. This increased heating 
effect must be due to inability to provide for heat loss, owing to partial 
paralysis of the heat-regulating mechanism by the anesthetic. Nor- 
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mally an animal will compensate for a moderate decrease or increase 
in the systemic temperature by increasing the heat loss or varj'ing 
the metabolic rate. Under tlie influence of an anestlietic, however, 
this mechanism may be impaired, and the systemic temperature will 
fall rapidly unless heat loss be prevented (13). This phenomenon is 
well shown in the control periods of most of our experiments. Careful 
wrapping of the dog in blankets prevents heat loss to a fair degree 
and similarly assures a greater rise in systemic temperature during 
the passage of the current. 


TABLE I. 


Species 

Milliamperes per sq. inch 
of electrode surface 

Duration of current flow 

Rise in rectal temperature 

Rabbit 

100 

2 hrs. 

‘C. 

2.7 

Dog 

90 

2 hrs. 13 min. 

1.1 

Man 

66 

i 

1 hr. 21 min. 

1.0 


II. Effect of Diathermy Current on Deep Temperature. 

(g) Intraahdominal Temperature. 

Experiment D S. — A male mongrel terrier was anesthetized by the intravenous 
injection of 2.97 gm. of barbital-sodiiun dissolved in physiological salt solution. 
The sides of the abdomen were shaved and lead-tin electrodes measuring 8X10 cm. 
were applied laterally. A mercury thermometer was inserted into the rectum, a 
second thermometer was placed outside of the electrical field by passbg it through 
the abdominal wall so that its bulb lay in the abdominal cavity 5 cm. from the su- 
perior edge of the electrodes. A third thermometer was so placed that its bulb lay 
in the abdominal cavity at a point midway between the two centers of the parallel 
electrodes. A diathermy current of 1000 milliampercs (with a current density of 
less than 100 milliamperes per square inch) was passed through the abdomen for 
1 hour. The result was a rise in rectal temperature of 1.76°C., a rise of tempera- 
ture in that part of the abdomen outside the electrical field of 1.76‘’C., and a rise 
of temperature in the abdominal cavity between electrodes of 2.62°C. The dog 
was then suddenly killed, while the diathermy current was flowing. After death 
the temperature in both rectum and upper abdommal cavity continued to rise at 
approximately the rate previous to death, while the temperature in the midabdo- 
men between electrodes suddenly shot up and in the next hour showed an incre- 
ment of 17.73‘’C., or nearly seven times as great a rise as recorded during life. This 
btter fact is in agreement with the temperature changes observed by Lonergan 
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(9) during diathermy of a dog’s hip joint before and after death. The tempera- 
ture changes recorded in the experiment just described (D 8) are graphically shown 
in Fig. 2. 

This e.xperiment brings out several points of interest. The tempera- 
ture rise during life in that portion of the abdominal cavity situated 
between the electrodes was only a little greater tlian tlie rise in the 
upper abdomen and rectum. After death, however, there was a 
great and sudden heating up of the abdomen between the electrodes, 
suggesting that a compensatory cooling mechanism had ceased to 
operate with the cessation of life. The rectal thermometer reading 
here cannot be regarded as a true record of the systemic temperature 
because of its proximity to the heated area. 

(6) Intrapleural Temperature. 

In another similar e.xperiment (D 9) in which a thermometer was 
inserted into the left pleural cavity between electrodes placed later- 
ally on the shaved chest wall, the temperature during 1 hour of current 
flow rose by l.S8°C. with a rise in rectal temperature of 1.21°C. After 
death, another hour of diathermy produced an elevation in intratho- 
racic temperature of 11.62°C., whereas the rectal temperature in- 
creased by only 0.08°C. Death, therefore, appears to permit a local 
heating in the deep tissues between electrodes which does not occur 
during life. It seemed fairly obvious that the interruption of normal 
circulation would be found accountable for this discrepancy. 

To study the relation of local circulation and heat production ex- 
periments were planned in which the temperature of the lungs could 
be measured by thermocouples. Previous work (14) had provided us 
with methods for modifying and interrupting the pulmonary circula- 
tion. A description of the application of these methods to the present 
problem will be found in a companion paper (15) . 

Technique for Measuring Lung Temperature. 

The accurate measurement of lung temperature in the living animal 
during heating by diathermy was not easy to accomplish. After 
discovering and ruling out a number of sources of error, we achieved 
a method which has proved satisfactory. 
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The dog is anesthetized by the intravenous injection of a solution of barbital- 
sodium. _ The sides of the thorax are shaved. Lead-tin electrodes, measuring in 
most instances 3X4 inches, are applied to the chest wall n-ith the superior edge 
well up in the axilla. The interposition of 8 to 12 layers of gauze soaked in a solu- 
tion consisting of equal parts of glycerol and saturated salt solution assures a good 
contact. Great care is taken to have the planes of the electrode surfaces as nearly 
parallel as possible in order to prevent the so called “edge effect” — i.e., the cur- 
rent passing largely between the proximal edges of the electrodes. A convenient 
method for holdmg the electrodes in place was accomplished by encircling the 
thorax with two or three rubber tubes and slipping the electrodes under them. 
These tubes permit the free motion of the chest wall and still, by their elasticity, 
hold the electrodes firmly against the skin. 

Thermocouples were made by twisting together foot lengths of Xo. 31 gauge 
enamelled copper wire and double silk-covered “constantan” wire treated with one 
coat of shellac. These were then shellacked and allowed to dry. The two wires 
were threaded through the shank of a No. 20 gauge hollow Luer needle 11.5 cm. 
long. The e.xposed tips of the wires were soldered to the point of the needle in 
such a manner that the solder closed smoothly the bevelled op>ening of the needle. 
The wires were protected by covering them with thick walled rubber capillarj’ 
tubing, the end of which was passed over the butt of the needle. The free ends of 
the exposed v,ires were connected with a galvanometer through a constant tempera- 
ture junction obtained by a thermos bottle thermostat as described by Clark (16). 
Thermocouples such as these can be easily prepared in the laboratorj'. Before 
use they were calibrated against a Bureau of Standards thermometer which could 
be read to 0.02°C. WThen prepared from the same materials and in identical man- 
ner, the calibration curves agreed so closely that one curve could be used for all the 
thermocouples. The calibrations were made at known resistances and each resist- 
ance required its own curve. Resistance was supplied by an ordinary Leeds and 
Northrup resistance box. 

The position of these thermocouple needles in respect to the electrical field was 
found to be of great importance. To obtain accurate temperature measurements 
the needles must be so placed that they cut the electrical field at right angles. In 
other words, they must be parallel to the planes of the electrodes, otherwise a con- 
centration of the high frequency current ocems at the needle point, which is then 
heated more than the siurounding tissue. To avoid this contingency the needles 
Were inserted into the thoracic cavity either from its anterior or posterior aspect so 
that the final disposition of electrodes and thermocouples was as shown in Fig. 3. 

In all experiments it was made certain that turning the current on 
or off caused no sudden Jling in the galvanometer due to concentration 
of current at the thermocouple. The error introduced by heat loss 
due to conduction through the needle shank seems a negligible one 
in view of the very close agreements between temperature so measured 
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and temperature measured by Bureau of Standards thermometers 
inserted in the rectum. That this source of error was negligible was 
shown by heating a portion of the needle shank which lay imder the 
skin or projected outside the body wall. This caused no cliange in 
the galvanometer reading, showing that sufficient heat to cause an 
error in reading was not conducted along the needle to the 
thermocouple. 



Fig. 3. Diagram of transverse section through a dog’s thonuv, showing relative 
positions of electrodes and thermocouples. 

(c) Inirapiihnonary Temperature. 

Experiment D 12 . — ^An c-xperiment in which we used the general technique just 
described was performed on a male American bulldog weighing 14.7 kilos. Ther- 
mocouple needles were inserted into the right lower lobe, the right ventral lobe, and 
the left lower lobe. The position of the thermocouples was verified at the close of 
the e.vperimcnt. Simultaneously the rectal temperature was recorded with a mer- 
cury tliermometer. The average of the three lung temperature readings which 
agreed within i0.0S‘’C. before the current was turned on was 0.39“C. below the 
rectal temperature. During diathermy the lung temperature rose slightly above the 
rectal, not exceeding it by more than 0.4°C. Toward the close of the e.xperiment, 
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after 3 hours of diathermy, this difference was even less. The temperatures are 
shown graphically in Fig. 4. 
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Figs. 4 and 5. Curves showing temperatures recorded by thermocouples in 
the lungs and by rectal thermometers, in anesthetized dogs subjected to high 
frequency currents. 
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Expcrmciit D 11 . — ^This experiment was repeated on another dog. Three 
thermocouples were again inserted into the thoracic cavit)'. One of them lodged 
in the left lower lobe, one in the right lower lobe, and one lay between the right 
ventral and lower lobes in contact 'with the visceral pleura. The readings on these 
three thermocouples seldom varied by more than 0.1°C. Before turning on the 
current the three readings were: left lower lobe 36.4S°C., right lower lobe 36.43°C., 
right visceral pleura 36.42°C. At this time the rectal temperature measured by a 
mercurj" thermometer was 36.88°C. After 2J hours of dia therm j’-, the lung 
temperatures had risen respectively to 41.43°C., 41.35°C., and 41.43°C., while the 
rectal temperature -was 41.21°C. Fig. 5 shows the lung and rectal temperatures in 
graphic fomr. 

This kind of experiment has been done repeatedly, and in some cases 
rectal thermocouples 'v^'ere used in conjunction with rectal thermom- 
eters. The same type of curve was always obtained. 

DISCUSSION. 

Examination of Figs. 4 and 5 will show that whereas the lung 
temperature in the anesthetized dog normally lies 0.3-0.4°C. below the 
rectal temperature, this relationship is reversed during the passage 
of high frequency currents of strengths equivalent to those usually 
employed in therapy. The limg temperature now exceeds the rectal 
temperature, but only by a few tenths of a degree. Moreover, tliere 
is a tendency for the lung to cool and gradually to approximate the 
rectal temperature again unless the current strength is augmented. 
This is well shown in Fig. 4, where the lung temperature crosses the 
rectal temperature first at the start of current flow, gradually falling 
Ijelow it, but again crosses it when tlic milliamperage is increased. In 
the light of subsequent experiments this gradual fall in lung tempera- 
ture may be interpreted as resulting from increased blood flow through 
the lung and increased pulmonar}’^ ventilation. 

The fact that death allows a sudden increase of heat in the deep 
tissue between the electrodes, and that this occurs in the abdominal 
organs as well as in the thoracic, suggests tliat the circulation rather 
than the respiration is chiefly responsible for the removal of heat from 
the lungs. \\Tiether or not the heating of deep tissues is the result 
of the passage of current through them or is due to conduction from 
the more superficial structures has not yet been established. This 
question will be considered in another communication. 
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SXJJQIARy AND CONCLUSIONS. 

1. Experimental evidence is furnished to show that in normal 
animals the rectal temperature can be elevated by the passage of high 
frequencj' currents. 

2. During life the intraabdominal and intrathoracic temperatures 
can be increased only slightly above the rectal temperature. 

3. The limg temperature in the anesthetized dog normally lies 0.3- 
0.4°C. below the rectal temperature. During the passage of diathermy 
currents of strengths equivalent to those used in therapy this relation- 
ship is reversed — the lung temperature exceeding the rectal ternpera- 
ture by about the same value. 

4. Immediately after death, the temperature rises abruptly in the 
deep tissues between the electrodes. 

5. For the measurement of deep temperature special thermocouples 
have been devised. Their method of preparation and mode of use 
are described. 
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It has been shown elsewhere (1) that the passage of diathermy 
currents of strengths equivalent to those used in therapy raises the 
deep temperature in those portions of the abdominal and thoracic 
viscera which lie between the electrodes only slightly (about 0.4°C.) 
above the rectal temperature. That the rectal temperature can be 
elevated in both anesthetized and imanesthetized animals was also 
shown. In one impublished experiment (D 27) the rectal temperature 
of an anesthetized dog as recorded by a thermocouple was raised from 
37.7 1°C. to 40.48°C. during the passage of a current of 2000 miUiam- 
peres for 45 minutes between electrodes placed laterally on the thorax. 
The current density here was 166 milliamperes per square inch of 
electrode surface, which exceeds that commonly employed for thera- 
peutic purposes, and yet at the end of the period the lung tempera- 
ture m four different parts of the lungs, as recorded by four ther- 
mocouples, was 40.83'’C., 40.85°C., 40.85°C., and 40.85°C., or 
0.37°C. above the rectal temperature. A measurement of rectal 
temperature by a mercury thermometer made at the same time agreed 
exactly with the rectal thermocouple reading. 

Fmthermore, we have shown that sudden death permitted an 
abrupt rise of local temperature in the deep tissues between the 
electrodes without a corresponding rise in rectal temperature. This 
was observed in both intraabdominal and intrathoradc tissues, a 
fact which, together with the tendency of the limg temperature to 
approximate that of the rectum, suggested that the cooling of the 
lung was primarily a circulatory phenomenon rather than one due to 
the passage of air in and out of the lung. 

SS5 
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To put this hypothesis to tlie test experiments were devised whicli 
had for their purpose a study of tliose conditions which would permit 
local heating of the lung during life. 

EXPERIMENTAL. 

In the part to foUow experiments vull be described in whicli tlie 
access of air or blood or both to one lung was prevented by various 
operative procedures. Temperature measurements were made in 
the altered lung with simultaneous records of temperature in the 
opposite lung, as well as in other parts of tlie body. It was dis- 
covered, as was anticipated, that the circulating blood, rather than 
the access of air, played the chief role in carrying away heat produced 
by diathermy. 

Experiment D 14. EJfccl of Diaihcrmy on Lung Temperature during (a) Slocking 
of the Left Bronchus, (b) Occluding the Left Branch of the Pulmonary Artery . — 
A male mongrel weigliing 9.7 kilos was anesthetized by the intravenous injection 
of 2.91 gm. barbital-sodium dissolved in physiological saline. An additional 8 cc. 
of a 5 per cent solutioji of the drug was required to obtain complete anesthesia 
and rcla.\'ation. Tracheotomy was then perfonned. With the dog lying on his 
right side a thoracotomy was done through the fifth left interspace. A brass tube 
with flanged end was passed down the trachea and securely tied into the left 
bronchus just beyond the traclieal bifurcation. A sinrilar, but shorter, brass 
tube with an equal bore, 7 mm., was inserted into the trachea parallel to the first 
one. A firm ligature was placed about the cut trachea so that both tubes were 
held firmly in place, and no air leaked about them. 

By this procedure the air was partitioned, that passing down the one tube en- 
tering the left lung, that passing down the other entering the right lung. The 
access of air to either lung could therefore be prevented* b}’- closing the mouth of 
the tube. To interrupt the blood flow to the limg a pneumatic cuff of the kind 
recenth’ described by Moore and Bingcr (2) was placed about the left brancli of 
the pulmonary arter>’' and a tube communicating witli the cuff brought out 
through the chest wall. By blowing air through this tube the cuff was inflated, 
thus effectively occluding the artco'- 

Lead-tin electrodes were applied latcrall}’’ to the chest walls, care being taken 
to have the surfaces as parallel as possible. Several layers of gauze soaked in 
glycerol-salt mixture were interposed between the electrodes and the shaved 
skin to assure perfect contact. Thermocouple needles were then inserted into 

* We wish to thank Dr. Richmond L. Moore, of this laboratoty, for providing 
us with this technique. 
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the dog’s lungs in the manner previously described (1). At the close of the 
experiment it was shown that two of the thermocouples lay in the left lower lobe, 
one in the right lower lobe, and one in contact with the right x-isceral pleura, 
probablj- in the interlobar space. A mercurj’ thermometer was used to record 
rectal temperature. 

After control readings of all temperatures had been recorded the current was 
turned on and its strength increased until the ammeter read 1200 milliamperes. 
After 40 minutes flow the rectal temperature rose by I.35°C., the temperature in 
the right lung by 1.18°C., and the temperature in the left lung by 1.31°C. The 
access of air to the left lung was then prevented by blocking the appropriate 
tube. No change in rate of heating of the left lung resulted from this procedure. 
In the succeeding half-hour the rectal temperature rose bj’- 1.21°C., the right 
lung by 0.95°C., and the left lung, whose bronchus was now blocked, by 1.02°C. 

By opening the end of the tube the bronchial obstruction was released and air 
again permitted to enter the left lung. 11 minutes later the rubber cuS surround- 
ing the left branch of the pulmonarj' artery was inflated, thereby shutting off part 
of the blood supply to the left lung. 5 minutes before interrupting the circula- 
tion in the left lung the dog's rectal temperature was 38.47°C., 5 minutes after, 
38.88°C. The corresponding lung temperatmres were — right, 38.63-38.85°C., 
left 38.73-40.80’’C. In other v.-ords, whereas the temperature of the right limg 
rose 0.2°C. in this interval the temperature of the left lung suddenly rose 2.0°C. 
as the result of clamping the left branch of the pulmonary artery. The subse- 
quent rate of heating of the two lungs was the same. 

Later in the experiment the left bronchus was again occluded with no apparent 
effect on the rate of heating of the left lung. The animal was then suddenly 
killed by the intravenous injection of 20 cc. of chloroform. There resulted an 
abrupt and equal rise in the heat production in both lungs, the rectal temperature 
in the meanwhile falling. The temperature curv'es are shown in Fig. 1. 

This experiment (D 14) is presented in some detail because it con- 
tains in it all the facts which are to be analysed in the remaining 
parts of this paper. The general conclusions suggested by it are 
these: (1) Prevention of access of air to one lung does not alter its 
rate of heating by diathermy, nor does it permit local heating in 
e.xcess of the general systemic heating. (2) Interruption of the 
circulation through a branch of the pulmonary artery does, however, 
result in a sudden rise of temperature in the lung supplied by this 
branch. After the sudden inital rise heating continues at the original 
rate which in general is the rate of heating of the other lung and of 
the rectum. (3) Sudden death of the animal during diathermy 
results in a precipitous and equal increase in the temperature of both 
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lungs, the one with its artery occluded as well as tlie normal lung, 
and in a gradual fall in rectal temperature. 



Time m minutes 


Fig. 1. Curve showing effect of (a) obstructing left bronchus, (?<) occluding 
left branch of pulmonary arterj% on heat developed in left lung as compared with 
heat developed in the right lung and rectum. 

A further analysis of these various points follows: 


Experiment D 21. EJfeet of Bronchus Bloching on Heat Production in the Lung. 
— female coUie weighing 9.7 kilos, anesthetized with barbital-sodium given 
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intravenously, was operated upon for the purpose of intubating the left bron- 
chus. A diathermy current of 1200 milliamperes was passed between electrodes 
placed laterally on the chest. Temperature readings were made on thermo- 
couples in the right and left lungs. During the current flow the left bronchus 
was blocked and subsequently released. The temperature in the right lung 
was 39.74°C., and in the left, before blocking the bronchus, was 39.7S°C. 13 
minutes after blocking the access of air to the left lung, it had warmed 0.94°C., 
the right lung 0.83°C. The maximum increase in temperature of the left lung 
over the right during the period of blocking was 0.38°C. \^^lethe^ this is a real 
effect or due to experimental error, we do not know. It is probably a real one as 
the agreements in lung temperatures in this experiment, as well as in other ones, 
before blocking, were closer than this. In any case it shows, as does the last 
experiment, that prevention of access of air to one lung during diathermy of the 
thorax does not provide conditions w’hich make for any significant degree of 
local heating. 

Experiment D 15. Repetition of Arterial Occlusion Experiment . — It has already 
been shown that clamping the artery to one lung during diathermy results in a 
sudden increment of local heat. A second experiment on an anesthetized dog 
was performed with a pneumatic cuff placed about the left branch of the pul- 
monary artery. This cuff was alternately inflated and deflated with immediate 
changes in heat production in the lung. 

The experimental results are so dearly shown in Fig. 2 that it 
seems superfluous to describe them at greater length. Four things 
should be noticed in particular: First, the smoothness of the curves; 
secondly, the fact that once the sudden rise has occurred there is a 
tendency for the lung to continue heating up at approximately the 
original rate; thirdly, that after damping the artery to the left lung 
the temperature of the right lung falls below the rectal temperature 
to an extent not seen in experiments in which the pulmonary drcula- 
tion is not disturbed. This is an interesting point which is also shown 
in Fig. 1. It probably signifies that on interrupting the drciflation 
to the left lung there is an increased flow of blood through the right 
lung, with consequently more effident cooling. The fourth point of 
interest shown in Fig. 2 has been mentioned before — it is the sudden 
heating up which occurs equally in the two lungs, upon the death of 
the animal. 

An explanation for some of these facts is furnished by the next 
experiment, in which the root of one Irmg was ligated during diathermy. 
This was done for the purpose of interrupting the circulation through 
the bronchial artery, as well as through the pulmonary artery. It was 
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thought that in all probability tlie blood flow through tlie bronchial 
vessels would be sufficient to maintain some degree of cooling even 



■nmc niTninutes 

Fig. 2. Curve showing comparison of heat developed m right and left lungs 
and rectum, with effect of clamping and releasing artery to the left lung. 

after the circulation through the pulmonary arter}' had been shut 
off, and thus prevent the temperature in the lung from rising pre- 
cipitously as it does at death. 
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pxpcritncnt D 17. Ligation of Rod of Right Lung during Diathermy.— h 
female fos-terrier under barbital anesthesia was prepared for the experiment by 
a right sided thoracotomy in which a loose ligature was placed around the root 
of the right lung. The ligature ends were brought out through the deep muscles 
of the back in such a manner that subsequent traction and ligation of the ends 
would completely shut o5 the circulation to the right lung. After repair of 
the chest wall and application of the electrodes, thermocouples were inserted 
mto both lungs. At the close of the experiment the position of the thermocouples 
was confirmed. The animal was put on artificial respiration b}’- the intratracheal 
insufflation of an interrupted stream of A current of 1200 miliiamperes was 
then allowed to pass between the electrodes. In the half-hour prexdous to vessel 
ligation the right lung temperature rose from 36.12°C. to 40.04°C. These figures 
represent mean readings of two thermocouples in the right lower lobe. Simultane- 
ously the temperatmre in the left lower lobe had risen from 36.21°C. to 40.32°C., 
showing that the two lungs were heating at approximately the same rate. The 
change in rectal temperature was of a similar grade. 

The ligature about the right hUum was then suddenly tightened, with the 
result that in the next 6 minutes the right limg temperature increased by more 
than 2“C., the left by 0.6°C. 15 minutes later the rigjit was over 3.5°C. warmer 
than the left. After killin g the animal the rate of temperature increase in the 
right lung remained relatively constant, while the temperature in the opposite 
lung suddenly mounted precipitously. The changes are graphically shown in 
Fig. 3. 

In another and similar experiment (D 19) the left lung root vessels of a dog 
were ligated before diathermy, leaving the bronchus, however, free. A current, 
again of 1200 miUiamperes, was passed through the dog’s thorax, and tempera- 
ture measurements were made. In this experiment, as wiU be seen in Fig. 4, 
the right lung tempieratme increased at the same general rate as the rectal tem- 
perature; the left lung, on the other hand, at a much faster rate. Subsequent 
ligation of the left bronchus had little influence on the rate of wanning of the 
left lung, whose root vessels had previously been tied. The dog was killed by 
the intravenous injection of 35 cc. of chloroform. This resulted in a precipitous 
nse in temperature in the miligated lung similar to that which had occurred in 
the ligated limg when the current was first turned on. 

These last two experiments, w'e believe, indicate that the bronchial 
circulation may play an important part in carr^ong away the heat 
produced in the lung by the passage of high frequency currents. The 
blood flowing through the bronchial artery normally drains into the 
pulmonary veins. By ligating these structures at the lung root the 
whole ciroflation to the lung can be stopped, w’hich cannot be accom- 
plished by ligation of the main branch of the pulmonary' artery alone. 
^Vhen the ciroflation to the lung is thus interrupted (even though its 
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bronchus remains patent) it is heated rapidly by the diathermy current 
to a point several degrees above the temperature prevailing in the 



Time in minutes 

Fig. 3. Cun^e showing comparison of heat developed in right and left lungs 
and rectum. Effect of h’gating the root of the right lung, and effect of sudden 
death. 

normal lung or in the rectum, and at a rate equivalent to the rate of 
heating which occurs in the normal lung after death. 
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DISCUSSION. 

Under the circumstances of these experiments, at least, it seems 
apparent that blood cooling is a more effective mechanism in removing 
heat from the lung than air cooling. Indeed, it is probable that the 
condition most needed for the production of local heat in the lung, 
by the passage of the diathermy current, is a partially or completely 
obstructed circulation in the pulmonary and bronchial vessels.' The 
bearing of this on the problem of local heat production in the pneu- 
monic lung is obvious, and will be experimentally dealt with later. 

SUMMARY AND CONCLUSIONS. 

1. Prevention of the access of air to one lung, while its circulation 
is intact, results in little, if an)^, change in the rate of heating of the 
lung by the diathermy current. 

2. Occlusion of a main brancli of the pulmonary artery during the 
flow of the current results in a sudden rise in temperature in the lung 
whose artery has been occluded, with subsequent heating, however, 
at the original rate. Under these circumstances death of the animal 
is accompanied by a precipitous rise in the temperature of both lungs. 

3. 'When the pulmonar}'- veins as well as the artery to one lung are 
ligated the circulation through the bronchial vessels is also stopped. 
Diathermy then results in a local rise in temperature in the lung 
equivalent to that seen in the otlier lung after death. 
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We have convinced ourselves by experiment that the normal limg 
can be heated only slightly above the systemic temperature by the 
application of high frequency currents to a dog’s thorax (1). Inter- 
ference Vrith the circulation of blood to the limg, however, either by 
clamping one of the main branches of the pulmonary arter}’-, or by 
ligation of all the root vessels, provides the conditions necessary for 
local deep heating (2). The implication that the cirerdating blood 
serves to carry away the heat produced in the lung seems obvious. 
Such an interpretation is in harmony with the physiology of heat 
distribution and temperature regulation (3). It is probable that 
together -with its many other equilibrating functions the blood is a 
fairly ideal medium for distribution and maintenance of a uniform 
temperature. 


Methods. 

The methods which we have previously used for deep temperature measure- 
ments were easily modified for the purpose of recording intravascular temperatures. 
In place of the thermocouple needle we used similar copper-constantan couples 
housed in No. 14 gauge rolled steel tubing 10 cm. long. The junction was sol- 
dered to the end of the tubing, the solder forming a smooth, blunt tip. Capillary 
rubber tubing with a 3 mm. outside diameter was used to protect the wires. This 
was sufiiciently small to permit its passage through the femoral vein or artery 
into the vena cava and aorta, or through the jugular and carotid, into the tight 
and left heart. The steel and rubber tubing were smeared with a petroleum 
jelly of high melting point to inhibit blood clotting about them. 

The methods for applying diathermy were those previoush- described. 
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EXPERIMENTAL. 

The Temperature of Arterial atid Venous Blood. 

Experiment D 24. — A male mongrel hound weighing 21.7 kilos was anesthetized 
by the intravenous injection of barbital-sodium. The right femoral artery and 
left femoral vein were exposed and opened sufficiently to admit the passage of 
two thermocouples into their lumina. These thermocouples were then pushed 
up into aorta and vena cava. At the conclusion of the experiment the aortic 
thermocouple was found in the abdominal aorta just under the diaphragm; the 
other in the vena cava at the opening of the superior hepatic vein. The dog’s 
rectal temperature was recorded by a mercury thermometer calibrated in 0.10°C., 
which could be read accurately to about 0.02°C. A comparison of rectal ther- 
mometer readings and temperatures in the right femoral artery and aorta showed 
an average agreement within 0.02°C. in five readings taken at approximately 5 
minute intervals for ^ hour. This agreement held even though the thermocouple 
position was altered and advanced up the artery from a point 10 cm. above its 
entrance into the vessel to a point 30 cm. above its entrance into the vessel. 
The latter position was the one found at autopsy, namely, in the abdominal aorta 
immediately imder the diaphragm. It should be stated that when the animal 
began to lose heat and the rectal temperature fell, the agreement was not so close 
as that just mentioned. 

Measurements of venous blood temperatures made simultaneously showed a 
decided difference from both arterial and rectal temperatures. At the time of the 
first three observations the venous temperature was 0.2S-0.33°C. below the 
arterial. With the further advance of the thermocouple upward into the vena 
cava this difference became less until a point was reached 30 cm. above the 
entrance of the thermocouple into the vein, which corresponded to the level of 
the hepatic veins, where the venous temperature was higher than botb arterial 
and rectal temperatures by slightly more than 0.10'’C. 

In the chambers of the heart the normal relationship, in the anes- 
thetized dog at least, is for the temperature in the left ventricle to be 
slightly below the temperature in the right auricle. This difference 
amounts to less than 0.2°C. and usually more than 0.05°C., and may 
be supposed to be due to heat loss in the blood as it traverses the 
lungs. The difference between temperature readings obtained by 
passing thermocouples down the right jugular vein and left carotid 
artery into the heart in tlu-ee dogs is showui in Table I. As iviU be 
understood from what has just been stated, the venous temperature 
will depend not only on the location of the thermocouple but on the 
relative amount of blood from the abdominal viscera flowing into the 
right auricle. 
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In another experiment (D 40) m which great care was taken to prevent cooling 
of the animal, the rectal temperature rose by nearly O-l^C. during the period of 
observation. In this dog the temperature of the blood was lower than that 
registered by a thermocouple in the rectum. The venous and arterial blood 
temperature, however, exhibited the relationships just described. As the venous 
thermocouple was advanced along the femoral vein and up into the vena cava the 
recorded temperature continued to mount xmtil it exceeded the arterial blood 
temperature by 0.04°C. Both intravascular thermocouples were then occupying 
positions 47.5 cm. above the points of entrance in the femoral vessek, one of 
them lying in the vena cava, Ae other in the aorta at a level half-way between 
the dome of the diaphragm and the heart. These relative temperatures are 


TABLE I. 

Comparism of Tcmperalures Rtcorded by Passing Thermocouples dams Eight 
Jugular Vein and Left Carotid Artery. 


Experiment Ko. 

Reading on thermo- 
couple passed down right 
jugtilax vein 

Reading on thenno- 
couplc passed down left 
carotid artery 

Difference 

1 


°c. 

“C. 

•6’. 

r»25 

36.37 

36.29 

-0.08 


36.35 

36.33 

-0.02 

D26 

34.91 

34.87 

-0.04 


34.81 

34.75 

-0.06 


34.75 

34.69 

-0.06 

D29 

37.07 

36.88 

-0.19 


37.06 

36.87 

-0.19 


37.11 

36.93 

-0.18 


graphically shown in Fig. 1. The upward inclination of the temperature curve 
for the arterial thermocouple was the result of the gradual rise in body tempera- 
ture as illustrated by the similar curve for the rectal temperature. It should 
not be confused with the striking rise in venous temperature which occurs as the 
thermocouple is advanced upward into the vena cava. 

The Temperature of the Arterial and Venous Blood during Diathermy. 

The passage of the diathermy current between electrodes placed 
laterally on the dog’s thorax results not only in an elevation of rectal 
temperature and lung temperature, as has been shown, but in an 
equivalent rise in the temperature of the circulating blood. The 
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arterial blood in the left heart or aorta, normally slightly cooler than 
the venous blood, rises to a greater degree than does the venous. 
The usual relationship is, therefore, reversed. For example, in Ex- 
periment D 25 the temperature in the left ventricle before dia- 
thermy was 36. 29°C., in the right auricle, 36.37°C. After the onset 
of current flow this relationsliip was reversed, the temperature in the 
left heart now exceeding that in the right by 0.1T-0.28°C. The 
difference, though not great, persisted as long as the current flow 
continued and disappeared as soon as the current was shut off, the 



Distance in cm. of thermocouples 
from their point of entrance into 
femoral vessels 


Fig. 1. Curve showing temperatures at various levels in aorta and vena cava 
with simultaneous rectal temperatures. 

venous being now 0.07'’C. above arterial. In another e.xperiment 
(D 26) the left carotid blood was 0.06°C. cooler than the right jugular 
before the passage of 1500 milliamperes between the electrodes. After 
hour’s diathermy, the arterial blood temperature exceeded the 
venous by 0.2'’C. 

Changes of a similar order of magnitude appeared in Experiment 
D 40. These are graphically plotted in Fig. 2, and in Table II will 
be found a comparison of the temperatures of arterial and venous 
blood before and during the passage of the diathermy current in four 
separate experiments. 
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TABLE II. 


Comparison oj Arterial and Venous BloodTcmpcralurcs before and during Diathermy. 


Experiment 

No. 

Temperature before dUthertny 

j Temperature during diathenny 

Arterial 

Venous 

Difference 

Arterial 

Venous 

Difference 


•c. 

•c. 

”C. 

•c. 

°c. 

■BH 

D25 

36.29 

36.37 


39.70 

39.47 


D26 

34.69 

34.75 

mBasM 

41.83 

41.73 


D29 

36.88 

37.06 

-0.18 

38.95 

38.99 

+0.04 

D40 

38.22 

38.29 

-0.07 

40.01 

39.89 

+0.12 
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DISCUSSION. 

The facts presented in this paper may be regarded as further evi- 
dence of the effective cooling of the lung during diathermy by the 
blood circulating through it. It can be estimated roughly, assuming 
a minute volume of blood flow through the lungs of 2.50 liters, and a 
rise of 0.2°C. in arterial blood temperature above venous, that approxi- 
mately half of a large calorie of heat is being removed from the lungs 
per minute. This is evidently sufficient to prevent any marked degree 
of local heating. 


SUMMARY AND CONCLUSION. 

1. A method of measuring intravascular temperatures in anesthe- 
tized dogs has been described. 

2. The temperature in the abdominal aorta is uniform throughout, 
and varies only with the systemic temperature. 

3. The temperature in the inferior vena cava rises as the thermo- 
couple approadies the heart, reaching its maximum at about the 
level of the hepatic veins. Between the hepatic veins and the right 
chambers of the heart there is no further elevation in venous 
temperature. 

4. The temperature of the right heart blood normally exceeds that 
of the left heart blood by 0.05-0.2°C. 

5. During the application of high frequency currents to the thorax, 
this relationship is reversed. 

6. This indicates that the lungs are being heated but that the 
blood passing through the pulmonary vessels is removing tlie heat 
at approximately the rate of production. 
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The paiallelism between capsular synthesis and virulence among 
pathogenic bacteria is one which has been extensively investigated, 
but researches concerning the chemical nature of encapsulating sub- 
stances have indeed been very few, Fiirst (1) has described the 
encapsulating substance of the Friedlander badllus. He believed it 
to be a mucoprotein-like substance. Hamm (2) contended that the 
capsulate substance contained nucleoprotein. Preisz (3) has at- 
tempted unsuccessfully to immunize animals with the capsular sub- 
stance from the anthrax bacillus. More recently Toenniessen (4) 
succeeded in isolating a nitrogen-free polysaccharide from the Fried- 
lander badllus, which he believed to be identical with the capsular 
material of this microorganism. Similar polysaccharides have been 
isolated from cultures of the bacilli of the aerogenes group (5), from 
StreptococcHs hornejisis (6), and even from certain yeasts (7). 

Strange as it may seem, none of these earlier investigators ascribed 
immimological significance to these bacterial carbohydrates. The so 
called soluble spedfic substance of the pneumococcus, first observed 
by Dochez and Avery (8) , has been identified with the polysaccharide 
portion of the organism. An extensive investigation into the chemi- 
cal and immunological nature of carbohydrates from the pneumococ- 
cus group has been carried out in this laboratory (9). Similar investi- 
gations have recently been extended to the group of Friedlander 
bacilli. 

From a strain of Friedlander’s bacillus, Mueller, Smith, and Litar- 
czek (10) have recorded the isolation of carbohydrate-containing 
material which at high dilutions reacted specifically with homolo- 
gous antibacterial serum. It has been shown by Julianelle (11) 
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that bacilli of this group are separable iramunologically into sharply 
defined specific types. These types have been designated as T}T)e 
A, Type B, and Type C; tlie remaining unclassified strains were placed 
in a heterologous group X. The method of isolation of the specific 
carbohydrate of Type B Friedlander bacillus has been given in detail 
(12). The present communication, whicli concludes a systematic 
description of tlie specific potysaccharides from the three fixed types 
of Friedlander’s bacillus deals witli a description of the polysacclia- 
rides from the Type A and Type C microorganisms. A more detailed 
study concerning the nature of the hydrolytic products of the T)’pe 
A specific carbohydrate is reported separately (13). 

EXPERIMENTAL. 

I. 

1. Isolation of the Specific Carbohydrate of Type A Friedlander Bacillus. 

Autoclaved washings from SO large Blake bottles of 72 hour cultures of Type 
A Friedlander bacillus, grown on solid agar containing 0.5 per cent dextrose at pH 
7.6, were treated with a sterile solution of purified trypsin.^ After standmg over- 
night at 37° the mucoid-like washings (containing the specific carbohydrate) be- 
came nearly clear. The faintly alkaline solution was treated with 50 gm. of 
sodium acetate and 2 volumes of alcohol. A flocculent precipitate, containing all 
the specific carbohydrate in an impure state, settled out on standing. The super- 
natant liquid which gave no test for specific substance with antiserum, was dis- 
carded and the precipitate was separated by centrifugation. After dissolving the 
precipitate in a liter of water an opalescent solution was secured. By^ adding 
acetic acid it was found that a small amount of non-specific nitrogenous material 
could be separated by' centrifugation. The solution of impure specific carbohy- 
drate thus obtained was again treated with 2 volumes of alcohol and the resultbg 
precipitate of specific carbohy^dratc was again separated by centrifugation. This 
process of alcoholic precipitation (a process which was found to eliminate nitrog- 
enous impurities) was repeated five or six times until finally a snow-white product 
was secured, which gave a perfectly clear solution when dissolved in water. This 
solution, now at a volume of 500 cc., was treated with 50 cc. of 1:1 hy^drochloric 
acid and was dialy'scd in collodion bags against successive changes of distilled water 


^ S gm. of commercial trypsin were dissolved in 200 cc. of water, acidified with 
x/l hy'drocliloric acid until Congo red paper turned a faint purple. The solution 
was centrifuged, and the supernatant liquid was neutralized with n/ 1 sodium hy- 
droxide, and again centrifuged. 
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unta free from Cl ion both within and without the bag. The dialysed solution of 
the carbohydrate was concentrated to 200 cc. in vccuo, and was then treated with 
400 cc. of redistaied glacial acetic acid. After standing 2 or 3 hours a flocculent 
precipitate settled out of the solution. This non-specUic precipitate was separated 
by centrifugation and was discarded. The clear supernatant liquid, which con- 
tamed all the specific material, was concentrated to small volume in vacuo, and was 
then poured into 10 volumes of redistilled acetone containing a trace of hydro- 
chloric acid. Between 5 and 6 gm. of polysaccharide were recovered. 

2. Properties of the Soluble Specific Substance of Type A Friedlander 

Bacillus. 

The soluble specific substance of the strain of Type A Friedlander's 
badUus is a white amorphous powder with marked acidic properties, 


TABLE I. 

Soluble Specific Substance of the Friedlander Bacillus Type A. 


Piepatalion 

Ko. 

lalo 

Add 

«qui\*a- 

lent 

Ash 

c 

H 

N 

Reducing sug^^^ 
on hydrolysis 
glucose) 

Highest dSution 
giving pTcdpitatc 
with imratmc 
r 2 bbit serum 








ftT cent 


117-A 

-103.4° 

430 

0.0 

43.98 

6.00 

0.1 

64 

1:2,000,000 

118 

-101° 

430 

0.0 



0.0 

65 

1:2,000,000 

120 

-105° 

445 

0.0 



0.0 

68 

1:2,000,000 

122 

-100° 

435 

0.0 



0.1 

65 

1,2:000,000 

123 

-101° 

430 

0.0 



0.0 

67 

1,2:000:000 


the add equivalent being approximately 430. A 1:200 solution turns 
Congo red paper blue. Such solutions are not precipitated by copper 
or silver ions. The polysaccharide is incompletely predpitated by 
solutions of phosphotungstic add, barium hydroxide, and uranyl 
nitrate, but is completely predpitated by both neutral and basic 
lead acetate solutions. The nitrogen-free product, when oxidized 
with sodirun peroxide, gives no test for sulfur or phosphorus. The 
polysaccharide gives no color test with potassium iodide-iodine solu- 
tion. Add hydrolysis of the material gives a reducing solution which 
shows a strong naphthoresorcinol test. Attempts were made to 
purify the spedfic substance by partial predpitation with barium 
hydroxide, uranyl nitrate, and by adsorption on alumina, but in each 
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instance a substance with properties similar to the original material 
was recovered. The properties of the various preparations were 
remarkably uniform as shoivn by Table I. 


n. 

1. Isolation of the Type C Soluble Specific Substance of Friedlmder' s 

Bacillus. 

The specific carbohydrate of the strain of Type C Friedllinder’s bacillus was ob- 
tained from autoclaved washings of cultures grown on dextrose agar media e.xactly as 
was the carbohydrate from Type A. The product was isolated in an ash-free form 
by the addition of 2 volumes of alcohol to a 1:50 solution of carbohydrate, con- 
taining 10 cc. of 1:1 hydrochloric acid. After standmg at 0° for 1 hour the 
polysaccharide separated as a flocculent precipitate which was filtered on a 
hardened paper and washed free from chloride with absolute alcohol. The yield 
from 100 Blake bottles was about 3 gm. 

2. Properties of the Soluble Specific Substance of Type C Friedldnder 

Bacillus. 

The material thus isolated was an amorphous water-soluble powder, 
free from nitrogenous impurities and ash. The substance is a strong 
acid, for it turns moist Congo red paper blue. A 1:200 solution is 
not precipitated by solutions of silver nitrate, copper sulfate, phos- 
photungstic add, or ammonium molybdate, but is predpitated by 
solutions of uranyl nitrate, neutral and basic lead acetates, and by 
concentrated solutions of barium hydroxide. The carbohydrate gives 
no color with iodine-potassium iodide solution. The substance has 
a spedfic rotation of -f 100° and its add equivalent is approximately 
680. It reacts ■with immune rabbit serum at a dilution of 1 : 2 million. 

The properties of various preparations are shown in Table II. 

3. Hydrolysis of the Type C Specific Substance. 

1.5 gm. of Preparation 3-A were boiled for 5 hours with 50 cc. of n/1 sulfuric 
acid under a reflux. At the end of this time the sulfuric acid was quantitatively 
removed with barium hydroxide, the solution was boiled with an excess of calcium 
carbonate and a small amount of norit, and was filtered. The clear filtrate was 
evaporated to dr>’ness in vacuo, and the residue was extracted with methyl alcohol, 
the alcoholic solution was filtered and was then evajxirated to dryness in vacuo. 
(In this manner the free sugars were separated from the sugar acids, which were 
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present as their calcium salts and which were insoluble in methyl alcohol.) The 
residue of free sugars was dissolved in water and diluted to 100 cc. in a volumetric 
flask. An analysis by the Shafler-Hartmann method showed 0.84 gm. of reducing 
sugars calculated as glucose. On the basis of thb weight the solution shov.-ed a 
specific optical rotation of +48.2°. 


T.ABLE II. 


Soluble Specific Substance of the Frkdldnder Bacillus Type C. 


Preparation 

No. 


Acid equi- 
valent 

1 Ash 

N 

Reducing sugars 
! on hydrolysis 

1 (as glucose) 

Highest dilution 
giving? a predpitate 
with immune 
rabbit scrum 

i 

+90.0° 

610 

0.0 

0.5 


1 

1:2,000,000 

l-A 

+ 100.0° 

680 

0.0 

0.0 


1:2,000,000 

2 

+100.0° 

681 

0.0 

0.0 


1:2,000,000 

.3 

+85.0° 1 

575 

0.0 

0.0 


1:2,000,000 

3-A 

+101.0° 

674 

0.0 

0.0 

75.0 

1,2:000,000 

3-B 

+58.0° 

794 

0.0 

0.3 

55.0 

1:1,000,000 


Preparation 1 was the first preparation isolated and had a rather high nitrogen 
content. The nitrogen was removed (Preparation 1-A) by precipitating the sub- 
•stance in a 1 : 100 solution with bariiun hydroxide saturated at 60° and then re- 
covering the polysaccharide from the precipitate, by treating it with an excess of 
sulfuric acid, centrifuging ofi the barium sulfate, and repredpitating the poly- 
saccharide, in the presence of acid, with alcohol. 

Preparation 3 was obviously impure. It was separated into two fractions by 
treating a 1:100 solution of the carbohydrate with a slight excess of barium hy- 
droxide saturated at 50°. The predpitate was centrifuged off and the carbo- 
hydrate was recovered in the usual way (Preparation 3-A), The supernatant 
liquid from this barium hydroxide predpitation still contained specific material. 
This was removed by predpitation wdth alcohol. The predpitate, Preparation 
3-B, was obviously an impure substance still containing spedfic material. At- 
tempts at further purification of the preparations by adsorption on alumina, pre- 
dpitation with uranyl nitrate, etc., yielded products with properties identical with 
the starting material. 

Half of the solution was treated with 3.5 mols of phenylhydrazine acetate and 
an osazone was isolated in the usual maimer. 0.1 gm. was recovered. The sub- 
stance melted at 201-203° and had an 1«1 d = —54.3° mutarotating to —20.0° after 
48 hours. 

The second half of the solution was evaporated to 1 cc. and was oxidized with 
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3 cc. of 1:1 nitric acid. 0.070 gra. of potassium acid saccliarate was obtained 
which was recrystallized from 1 cc. of water. 0.030 gm. was recovered. 

0.005326 gm. substance gave 0.001853 gm. KoSO^. 

Calculated for COOH (CHOH)iCOOIv, K 15.75 per cent. 

Found K 15.58 per cent. 

It is evident that this sugar, which represents the greater part of the 
hydrolytic products of this soluble specific substance, is glucose. 
0.5 gm. of residue was left from the methyl alcoholic extract of the 
original total hydrolysate. This material appeared to be the calcium 
salt of a sugar acid. It was an impure substance, judging from its 
color. It gave a strong naphthoresorcinol test arid a strong reduc- 
tion test. It is possibly the salt of an aldobionic acid such as has 
been found among the hj'^drolysis products of otlier specifically react- 
ing polysaccharides. The substance will be investigated further 
when more material is available. 

DISCUSSION, 

It is clear from the foregoing experiments that strains of Fried- 
lander’s bacillus of Types A and C yield, on fractionation, two 
chemically distinct nitrogen-free polysaccharides witli highly specific 
properties. Both are strong acids and both contain glucuronic acid, 
or an isomer, within their molecules as shown by the naphthoresorcinol 
test. The polysaccharides themselves are non-reducing, but on 
hydrolysis with mineral acids they yield reducing sugars. In both 
instances, as in the case of the pneumococci, specific function and 
carbohydrate are apparently inseparable. 

On comparing the specific carbohydrates from Tj^e B and Tj'pe 
C Friedlander bacillus, an unusual similarity in properties is to be 
obseiA'^ed. These substances, however, possess two distinct differ- 
ences. Immunologically tliey show no cross-relationship. Their 
solubility in water in the pure state and their whole behavior dur- 
ing purification are entirely different. In pure form the Tj^e B 
substance is difficultly soluble in water whereas the T 5 ^e C substance 
is readily soluble. The Tj'pe B carbohydrate may be readily pre- 
cipitated by alcohol in the presence of h 3 'drochloric acid. The Type 
C substance, on the other hand, precipitates completely only after 
standing at O' for an hour or more. The fact that two substances 
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SO alike in physical properties are totally dissimilar in immunological 
reactions, may possibly be explained on the basis of slight differ- 
ences in the intramolecular linkages of sugar to sugar, or of sugar 
to sugar acid. 

SUiLMARY. 

1. ^Methods are given for the isolation of specificalty reacting nitro- 
gen-free polysaccharides from Type A and Tj'pe C Friedlander’s 
bacillus. 

2. The properties of these specific carbohydrates have been out- 
lined. 
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THE ROLE OF THE RETICULO-ENDOTHELIAL SYSTEM 
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While the relation of the reticulo-endothelial system to the pro- 
duction of an artificially acquired immunity has been studied in the 
past from various angles, it is only recently that attempts have been 
made to bring phenomena of natural immunity into connection with 
the same system of cells. Our knowledge of the mechanism of 
natural resistance in certain animals to certain infections and intoxi- 
cations has so far been limited almost entirely to the observation that 
such insusceptibility, with a few exceptions, is not due to humoral 
immime bodies and hence is not transmissible in most cases. In some 
instances, well defined physiological properties, such as a higher or a 
lower body temperature, can be held responsible for this phenomenon. 
Ehrlich did not actually advance our knowledge on this subject by at- 
tempting to explain the phenomenon on the basis of lack of suitable re- 
ceptors in the tissue of the respective animals. In 1914, Lewis and 
Margot (1) published experiments which seemed to show that removal 
of the spleen from albino mice greatly increased their resistance to infec- 
tion with B. lubercnlosis. Later, Murphy and EUis (2) , however, were 
able to explain the anomalous results of the above mentioned authors. 
They found that mice splenectomized a short time prior to inocula- 
tion with B. tuhercuJosis were distinctly more susceptible than normal 
animals, while, with the increase of the interval between splenectomy 
and infection, the mice gradually showed a greater resistance than the 
controls. This increased resistance they explained by a secondary 
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hypertrophy of the remaining lymphoid tissue. Kyes (3) first defi- 
nitely connected natural resistance rvith the fixed phagocytic cells of 
the endothelial system by his observations on the role of the hemo- 
phages of the liver and spleen in the natural immunity of the pigeon 
to pneumococcus infection. In 1925 Singer (4) reported on a breach 
of natural immunity eft'ected by blockade of the reticulo-endothelial 
system. He was able, after blocking the reticulo-endothelial system 
of hens by intravenous injections of India ink, successfully to infect 
the fowls with B. anihracis, wliile the non-blocked controls remained 
refractory. Jelin’s (5) recent publications likeivise emphasize the 
importance of the reticulo-endothelial system for the mechanism of 
natural immunity against saprophytic organisms and more particu- 
larly for the \:onditions which determine the course of typhoid fever 
infection and intoxication in rabbits. 

The relative insusceptibility of rats and mice to diphtheria toxin is well 
known. In the case of mice, it was first observed by Loeffler (6) in 1884 and has 
since been confirmed by a great number of authors. Roux and Yersm (7) and 
Behring and Kitashima (8) have been able to kill mice only by employing extraor- 
dinarily large doses of diphtheria toxin, while LoclHer failed entirely to infect 
them. Glenn)' and Allen (9) found that, when administered intravenously, the 
M.F.D. of a particular diphtheria toxin for jnice was 60 times the subcutaneous 
M.r.D. for the guinea pig, while 100 times this dose had to be given to kill mice 
by the intramuscular route. KoUe and Schlossberger (10) reinvestigated the 
question and concluded that mice were practically insusceptible to large doses 
of diphtheria toxin, but were generally susceptible to fairly small doses of li\'ing 
bacilli. These authors also found no antitoxin in tlie blood of mice as had pre- 
viously been described for rats by a large number of authors (Aronson (11), Koudre- 
vetzky (12), Kuprianow (13), Cobbett (14), Goodman (1.5), Petitt (16), Coca, 
Russel, and Baughman (17)). Hippke (18) has been able only partially to confirm 
the one contention of Kolle and Schlossberger since he foimd but sLx strains, out 
of fifteen, to be \arulent for mice. Members of the British Medical Research 
Council (19) also repeated Kolle and Schlossberger’s work, using the same and 
even larger doses of diphtheria bacilli without obtaining regular results. Y^olff 
(20), on the other hand, corroborates KoUe and Schlossberger’s statements 
regarding the susceptibility of mice to the infection with living bacilli, and further- 
more reports that he has succeeded in killing mice by repeated intravenous or intra- 
muscular injections of fairly large doses of diphtheria toxin. 

From a re\new of literature it would appear that the mouse is, to 
a large extent, insusceptible to diphtheria infection and into.xication, 
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although this immunity is by no means complete. It has seemed 
of interest to investigate whether the natural immunity of the mouse to 
diphtheria toxin and diphtheria bacilli is dependent upon the presence of 
an intact reticulo-endothelial system, by comparing the action of a 
highly potent diphtheria toxin and of a highly virulent diphtheria 
strain in normal mice with their action in mice which have been (1) 
blocked by intravenous injections of India ink, (2) splenectomized,! (3) 
blocked and splenectomized. 

EXPERIilENTAL WORK. 

Diphtheria toxin with and without phenol was used as well as 
diphtheria toxin concentrated by ultrafiltration. For the preparation 
of the latter we are indebted to Mr. D. Roelkey of this laboratory. 
The toxin was given by the intraperitoneal and the intravenous route 
in different experiments. The mice ranged in weight between 24 and 
30 gm. Inasmuch as the pathological lesions at autopsy were not 
as characteristic as seen in other species, cultures were made on a 
blood plate from the heart’s blood and the peritoneal exudate of the 
dead animals in order to disclose any intercurrent infection. 

Series I . — Phenolized diphtheria toxin, No. 411a, having a st.r.D. of 0.0025 cc. 
for the guinea pig, was employed in this series. It was given intraiJeritoneally in 
amounts of 400 it.T.D. (1 cc.), 300 m.f.d. (0.75 cc.), 200 m.fj). (0.5 cc.), and 100 
M.Fjj. (0.25 cc.), the volume of the dose in each case being 1 cc. Four groups of 
mice received these doses of toxin, each group consisting of eight animals: two 
normal controk, two animals which had received an intravenous injection of 
India ink (1 cc. 1 :15) 2 days previously, two animals which had been splenectomized 
the day before, and two animals in which the ink injection had been combined with 
splenectomy. The eight mice which were injected with the 400 m.f.d. died in 
from 25 to 51 hours, those injected with 300 m.f.d. were found dead after from 34 
hours to about 10 days. It should be stated, however, that in the latter group 
cultme from the animal dying after 34 hours revealed the presence of hemolytic 
streptococci in both the heart’s blood and the peritoneal exudate. In the group 
which received 200 m.f.d. death occurred in from 8 to 17 days, while all the mice 
which had received 100 m.f.d. survived. There was no definite and uniform differ- 
ence between the control and the experimental animak in the length of time they 
lived after injection of the various doses of toxin. Death occurred rather ir- 
regularly within each group, demonstrating the wide margin of individual varia- 


'The operations were performed by using ether as an anesthetic. 
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tion in susceptibility of mice to diphtheria toxin as compared with the uniform 
reaction of guinea pigs to this poison. 

Series II . — Diphtheria toxin without phenol was used in this series in which the 
effect of intravenous injections was studied. Toxin without preservative was 
selected, because it was found in preliminary experiments that phenolked toxin 
(0.5 per cent) killed mice immediately in intravenous doses of 0.75 cc., and even 
doses of 0.5 cc. provoked an extremely violent, immediate reaction. Broth, 
without phenol, injected in similar amounts intravenously, caused only a very slight 
transitory peptone shock. This toxin, which had a ir.F.D. of 0.002 cc. for the 
guinea pig, was given in a uniform volume of 1 cc. in amounts of 200 m.f.d. (0.4 
cc.), 150 M.F.D. (0.3 cc.), 100 M.F.D. (0.2 cc.), and 75 m.f.d. (0.15 cc.) intravenously 
to four similar groups of mice arranged as in the first series. The eight mice which 
had received the 200 m.f.d. died in from 41 to 71 da 3 'S, while death occurred in 
the second group which had received 150 m.f.d., in from approximate^ .5 to 9 
days. With the mice injected with 100 m.f.d. death was prolonged until about 11 
days, while in the last group which had received 75 m.f.d., only one normal mouse 
died after 9) da3's. Again, death occurred within each group rather irregularly 
among duplicate animals, and no significant difference between experimental and 
control animals became apparent in the length of time they lived. 

Scries III . — Finally, a last series of c.xperiments was carried out with diphtheria 
toxin (411a) which had been concentrated by ultrafiltration from an original 
volume of from 60 cc. to 6 gm. The original m.f.d., for guinea pigs, of 0.0025 cc. 
was thus decreased, as determined by animal tests, to 0.00025 cc. By using this 
concentrated and refined product it Avas possible to inject larger amoimts in- 
travenously without fear of a reaction induced by tlie excess of protein and phenol. 
Doses of 600 m.f.d. (0.15 cc.), 400 m.f.d. (0.1 cc.), 200 m.f.d. (0.05 cc.), and 100 
m.f.d. (0.025 cc.) Avere injected intravenously in a uniform Amlume of 0.5 cc. into 
thirt 3 '^-two mice, arranged in four similar groups as described before. With the 
first group Avhich had received 600 m.f.d., death occurred in from 20 to 88 hours, 
in the second group (400 m.f.d.), the animals lived from 29 hours to 6 days. 200 
M.F.D. caused death in from 5J to 8.) da3's, AA'hile in the last group (100 m.f.d.) 
one splenectomized and one normal mouse survived; the others died in from 81 to 
131 days. This series Avas like\A’isc marked b 3 ' the absence of any consistent 
difference in the time of sunuA'a! bctAA’cen controls and experimental animals. 

A small series of experiments (six animals) in wdiicli the course of 
infection witli a highly virulent diphtheria strain^ was studied in 
normal mice and in mice which had been either injected witli India 
ink or splenectomized, disclosed no diflference of susceptibility, be- 
tAveen the normal and experimental animals. It was found that 

- This strain killed guinea pigs Aveighing from 230 to 280 gm. in a dose of 1/20 
slant Avithin from 2 to 3 da3’s. 
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doses as large as a whole slant of a 24 hour culture on Loeffler’s medium 
were ineffective in producing in either group of animals any symp- 
toms more marked than a small nodule at the site of injection. 

DISCUSSION. 

The results of the experiments described indicate that such elimina- 
tion of the reticulo-endothelial system in the mouse as is accomplished 
by means of one blocking injection of India ink, or splenectomy, or a 
combination of both operations, has no influence on the natural 
resistance which this species possesses against diphtheria intoxication 
and infection. The conclusion which suggests itself is that in 
this case the mechanism of natural immunity differs fundamentally 
from the processes of artificially acquired immunity. 

SUMMARY AND CONCLUSIONS. 

1. The minimum amount of diphtheria toxin which killed normal 
mice of from 24 to 30 gm. in weight upon intravenous injection, was 
found to be between 75 and 100 times the m.f.d. for the guinea pig. 
When given intraperitoneally, the fatal dose for mice was as high as 
200 M.F.D. 

2. There was no significant difference in the lethal action of diph- 
theria toxin for normal mice and mice in which an elimination of the 
reticulo-endothelial system had been attempted by means of block- 
ing injections of India ink, or splenectomy, or a combination of both 
operations. 

3. Attempts to infect normal mice and mice treated as described 
with large doses of a highly virulent diphtheria strain were unsuccess- 
ful with both groups of animals. 
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It has long been the accepted view that the ectodennal elements 
of the nervous system are separated by a compact membrane from the 
mesodermal tissues which accompany the blood vessels into the mass 
of the brain. Nissl (p. 345) held that this membrane, the membrana 
limitans glia, can be penetrated by mesenchymal cells only after it is 
damaged by the action of a severe pathological process. 

Recently, however, del Rio-Hortega has questioned this view. 
Using the so called “silver carbonate” methods, which he has de- 
veloped, he has found that a special manipulation of the technique 
brings out certain small cells which he terms the “microglia.” In 
the adult, he finds these cells mingled everywhere with the ectodermal 
tissues of the brain. In the nev.'-bom animal, they seem to be con- 
centrated in certain vascular zones of invasion, and from these regions 
he traces their wanderings into the ectodermal parenchyma. He 
brings evidence to show that these cells are the phagocytes of the 
nervous system, that they are identical with the phagocytes of the 
whole body, and that despite the fact that they seem to mingle freely 
with the ectodermal elements of the adult brain, they are none the less 
mesodermal in origin. Many workers, however, are still unconvinced 
as to the mesodermal nature of these cells. For this reason it hag 
seemed desirable to apply to the central nervous system the supravital 
technique with which the phagocytic cells of the blood and of the 
general connective tissues of the body have recently been studied so 
minutely. 

Vital methods have been used in the stud}’- of the phagoc}'tes of the 
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central nervous system ever since the work of Bouifard, and of Gold- 
mann. MacCurdy and Evans, and Macklin and Macldin used trypan 
blue, injected intravenously or intraperitoneally, to reveal the pres- 
ence of dye-filled phagocytes in the brains of monkeys suffering from 
poliomyelitis and of rats subjected to sterile puncture wounds. The 
studies demonstrated that the phagocytes around brain lesions can 
take up particulate matter which reaches them through the vascular 
system. The nature and origin of the cells themselves are not settled 
by this observation and can be more directly determined by supravital 
methods. 

EXPERIMENTAL. 

The supravital technique has been applied to a series of sixteen 
normal animals, of which five were new-born rabbits, five guinea pigs 
under 7 days old, and six adult guinea pigs. Sterile puncture wounds 
were produced with a hot needle in four yoimg anesthetized adult 
rabbits and in two guinea pigs; and an herpetic encephalitis was set 
up with herpetic virus of the strain “H.F.” (described by Flexner and 
Amoss), by corneal inoculation in seventeen guinea pigs and twelve 
rabbits. After the supravital examinations were completed, all brains 
were fixed for subsequent study of stained sections. In this way was 
sought the ruling out of spontaneous disease in the '^normal” animals 
while the extent of the lesions in the pathological material was 
established. 

The supravital technique consists in the examination of the reaction 
of living cells to vital dyes immediately after removal of the cells from 
tlie body. Vital dyes, i.e., neutral red and Janus green, were supplied 
to the cells in two ways: (o) In most of the experiments, fine films 
of dry neutral red and Janus green were prepared on slides according 
to the method described by Sabin, and by Sabin and Doan. When a 
minute amount of living tissue is placed on such a slide, the dye goes 
into solution in the tissue juices and reacts v/ith the cells, {h) In six 
experiments, 300 to 500 cc. of dye (diluted 1 : 10,000 in physiological 
saline) were injected slowly through the aorta, after opening the 
cranium and the dura under anesthesia. In this way the brain could 
expand and become saturated with the dye, making it as certain as 
possible that the dye would reach every cell which had the power 
to react with it. 
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In obtaining the fragments of brain tissue, a standard technique was employed; 
(1) The brain was exposed under ether anesthesia. (2) The great vessels 
of the neck were opened to allow the brain to exsanguinate as completely 
as possible, so that the bits of brain tissue which were to be examined would 
be practically free from cells of the blood streams. (3) The dura and the 
pia-arachnoid were stripped away.^ And (4) bits of brain tissue, about the 
size of a pin-head, were lifted out either with fine cur\''ed scissors, a sharp 
knife, or a capillary pipette. The bit of tissue was lifted out with as little 
damage as possible, without grasping with forceps, and was transferred gently 
to the slide which carried the film of dye. Under oil immersion magnification, the 
study of the preparation was imdertaken at once in a warm box at body tempera- 
ture. (5) In the meantime, the rest of the brain and some of the spinal cord 
were placed in a moist chamber in the warm box; and from time to time additional 
preparations were made, until an examination of as many regions as possible 
had been made. It was found that the brain would show h'ttle change under 
these conditions for nearly 2 hours, but that after this the new preparations would 
e.xhibit granulation, diffuse cellular and nuclear staining, and globules of free 
myelin. Before this point was reached, therefore, the brain was placed in a fixative, 

DESCRIPTION OP OBSERVATIONS. 

If a supravital preparation is made of a body fluid, it ■wUl spread 
itself xmder the cover-slip by capillarity. In this way blood (Sabin; 
Sabin, Cuimingham, Doan, and KindwaU) lymph (Kindwall), cere- 
brospinal fluid (Kubie and Shults), peritoneal fluid (Sabin, Doan, and 
Cimningham, 1924), lymph gland, spleen, and bone marrow punctures 
(Cunningham, Sabin, and Doan, 1924, 1925; Doan; Sabin, Doan, and 
Cunningham, 1925) have been studied. Material taken from the brain, 
however, is too solid to spread without help, so that very gentle pressure 
must be applied, flattening the tissue out slowly and with a miniTniim 
of disruption. A preparation of this kind is always imeven. Some 
areas remain too dense for analysis; -while in others the cells become 
entirely separated from one another. Of these separated cells, many 
remain morphologically undamaged, and are then particularly easy to 
study; but if injury occurs, it is readily recognized by the marked 
granulation of the cytoplasm and the rapid diffuse staining of the 
nucleus. (This usually happens around the edges of every prepara- 
tion.) Many areas remain, however, which are neither too thick 

'■ This is essential smce, in a previous study (Kubie and Shults), these membranes 
have been found to contain phagocytes normally. 
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nor too thin, but in which the relations of various structures are well 
preserved, while tlie material is nevertheless thin enough for accurate 
observation under tlie highest oil immersion magnifications. And it 
is in portions of the preparations which have maintained their integrit}' 
in this way that the present observ^ations have been made. 

In these favorable areas, one special advantage of the supravital 
spreads is that the vessels and their surrounding tissues can be 
studied unshrunken and in their three-dimensional entirety, instead 
of in the single plane of a thin section of fixed material. 

In the brains of noimal animals, the perivascular meshwork con- 
tains at least two strains of cells which are readily recognized in the 
supravital preparations, the lymphocyte and the clasmatocyte. 
Lymphocytes are recognizable in three sizes: small, intermediate, and 
large. They take up little neutral red, and that in small vacuoles 
around the periphery. They have characteristic mitocliondria, whidi 
vary from long, rod-shaped structures in the larger cells, which are 
probably the younger forms, to round dots in the smaller cells. They 
have a type of motility which is peculiar to tliemselves, in that they 
push their nuclei ahead of them, with a zone of thumer cytoplasm 
around the nucleus and the rest of the cytoplasm tailing out behind. 
This motility is observed cliiefly in the intermediate size group.^ 

In contrast to the lymphocyte the mitochondria of the phagocyte 
are relatively obscure; Avhile the vacuoles are abimdant and prominent, 
and fill with neutral red in the presence of the dye. The dye in the 
vacuoles is colored from pale lemon-yellow to deep orange-red, indicat- 
ing a pH range of approximately 6.S to 8.0. The significance of these 
changes in color are discussed in a forthcoming paper by Sabin and 
Doan. It is only in an occasional cell that the differentiation of 
the lymphocyte from the phagocyte presents any difficulty, sucli that 
one might hesitate betAveen calling a cell a heavily stimulated lympho- 
cyte or a small and inactive phagocyte. In general, the larger size 
of the phagocytes and their d 3 '-e-filled vacuoles make tliem one of the 
most unmistakable cells in the body, as will be readily seen in the 
illustrations which follow. 

- Evidence lias been presented elsewhere (Kubie and Shults) that this motile 
lymphocyte is the plasma cell of Unna. 
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Two morphological groups of phagocytes have been described (Cunningham, 
Sabin, Sugiyama, and Kindwall; Sabin and Doan; Sabin, Doan, and Cunningham, 
1924, 1925) and the subject of their functional and cytogenetic differences has 
become the object of vdgorous inquirj- and argument (Lem’s and Lewis). One of 
the groups has been called, after Ranger’s original term, the "clasmatocj’te” 
(Sabin, Doan, and Cunningham, 1924) and the other is the monoc}4;e. Of these 
two phagocj-tic forms, only the clasmatocytes are illustrated and discussed here, 
as they are the characteristic mesodermal phagocj'tes of the perivascular sheath 
under these c-rperimental conditions. Monocytes have been seen in only two of 
the present series of e.rperiments; and since in a previous study (Kubie and Shults), 
young monocj’tes were seen to form a normal component of the arachnoid, it is 
possible that in these two experiments the monotytes may have arisen from bits 
of arachnoid which were unwittingly included in the preparations. 

In Fig. 1, a tj^pical resting clasmatocjTe is seen against the endothe- 
lial cell of a venule from the occipital cortex of a normal young guinea 
pig. TThe cell is stretched along the venule, closely applied to its wall. 
In other places, as in Fig. 4, it may be seen to stretch along the outer 
border of the perivascular channel, but in the preparations from normal 
animals it is always elongated and never rounded up. Even in the 
normal, however, these cells may be quite abundant. This is shomi 
in Fig. 2, which shows the maximiun number of such cells which have 
been observed in normal material, in this instance taken from the 
parietal cortex of another yoimg guinea pig. 

The contrast between the clasmatocytes of the normal brain and 
' those which show the effect of infection is well illustrated in Fig. 3. 
Here, the cells appear swollen, often rounded up, with increased 
vacuoles, and probably an increase in actual numbers. The picture 
is drawn from an arteriole from the parietal cortex of a yoimg rabbit, 
at the height of an encephalitis which had been induced by corneal 
inoculation with herpes virus 6 days before. It will be noted that in 
this picture two clasmatocytes are seen lying free from the vessel wall. 
WTiile this is not an unusual observation, it is not the rule; and it is not 
safe to conclude that the clasmatocytes are able to invade the 
surrounding brain tissue when in the body, because it is possible that 
the process of spreading the material could dislocate a few cells, even 
where the majority have preserved their architectural relationships 
intact. The clasmatocytes w'hich are occasionally seen free from any 
vessel wall appear to lie on rather than in the ectodermal parenchyma. 
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In Fig. 5 there is represented the phagocytosis of trypan blue in 
dasmatocytes along a small vein from deep ivithin the occipital cortex 
of a young rabbit. This rabbit, over a period of 7 days, had been 
given tliree small subarachnoid injections of 1 per cent trypan blue 
through the cistema. 

Turning to the lymphoblastic group of cells, it was found that small 
nests of these cells occurred regularly in the normal animals. One 
such nest is illustrated in Fig. 4, from the cornu ammonis of another 
normal guinea pig, in the fork formed by the juncture of two venules. 
Such nests of lymphoblastic cells, containing large, intermediate, and, 
more rarely, small forms, have been found repeatedly in forks such as 
the one illustrated. In sections, only a small fragment of such multi- 
layered relationships as these can be demonstrated. Along the un- 
brandied lengths of straight vessels, single l 3 rmphocytes, or short 
chains of three or four in a row, are regularlj^ seen, scattered along the 
sheath. 

The lymphoc}dic' response to disease has been difficult to demon- 
strate intact, because the larger proliferations are easily ruptured 
and spill their contents diffusely over the preparation. In Fig. 6, 
however, is seen the striking multiplication of these lymphoblastic 
forms in all stages of development. This point of intersection of two 
venules is from tlie parietal cortex of an encephalitic rabbit, and at 
this point it is possible to note a characteristic phenomenon, namely 
that where the lymphocytic response is intense very little clasmato- * 
cytic reaction seems to occur. This is illustrated again in Fig. 5. 
There is drawn here only one-half of what was actually a long, cigar- 
sliaped dilatation of the vessel sheatli. At one end of this fusiform 
swelling (the end not included in the drawing) were cIasmatoc 3 '^tes 
engorged with tr 3 ^an blue and quite identical with those pictured at 
the other pole. In between the two points of intense clasmatocytic 
response were masses of proliferating l 3 mphocytes whicli made a 
cellular tube around the blood vessel, a structure too complex for 
adequate reproduction. Where the clasmatoc 3 '^tes lie, the sheath is 
narrow and clings closely around Oie vessel. Where the l 3 mphocytes 
proliferate, the sheath is distended, and in it are found only the filmy 
ends of the dasmatocytes whose main bodies lie at the two poles of 
the swelling. The stimulation or response of the dasmatocytes and 
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lymphocytes never seems to occur quite at the same place, but always 
with a marked preponderance of either one form or the other at any 
one point. 

DISCUSSION. 

1. In these studies it has been possible to demonstrate that in the 
adventitial sheath of the blood vessels of the central nervous system 
of normal guinea pigs and normal rabbits, both lymphocytes and 
mesodermal phagocj'tes are alv.'ays present, a finding which is opposed 
to the view of Nissl (pp. 319 and 340), who denied the presence of 
lymphocytes in normal brains. 

The question must be considered as to whether the occurrence of 
lymphoc 3 d:es and phagocytes does not from the outset throw doubt on 
the “normality” of the brains in which they are found, despite the 
absence of any outspoken evidence of disease. With laboratory-bred 
rabbits or purchased stock kept under observation, it is always un- 
certain whether the so-caUed spontaneous encephalitis eidsts or not. 
The condition is usually asymptomatic, and the proof of its occurrence 
is supplied by postmortem histological examination. Many of the 
animals used in the present experiments, however, were laboratory- 
bred and very yoimg. In such animals, these cells have been foimd 
just as plentifully in the rabbits and guinea pigs which were rmder a 
week old as in the later stages. Furthermore, for the observations on 
animals more surely normal, most dependence has been placed upon 
the guinea pig, which almost never suffers from spontaneous encepha- 
litis. And in every animal reported as normal, studj' of sections from 
all parts of the central nervous system has revealed no foci of active 
perivascular infiltration, no neuroglia scar formation, and no changes 
in the neurons. The absence of histopathological evidence of disease, 
and the presence of the cells from birth seem to justify the conclusion 
that the animals were normal. 

2. It is at present possible only to suggest the relation which the 
clasmatocytes of the perivascular sheaths may bear to the microglia 
of del Rio-Hortega, or to the compoxmd granular corpuscles or Gilter- 
zellm of classical neuropathology. If the view is true that an impene- 
trable .barrier separates everywhere the mesodermal from the ectoder- 
mal tissues of the brain, then the clasmatocytes caimot be the 
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SUMMARY. 

1. The presence of clasmatocytes in the adventitial sheath of the 
blood vessels of the normal brain has been shown. Thus far, these 
are the only mesodermal phagoc 3 des, the presence of which in the 
central nervous S 5 '^stem has proven to be demonstrable by tlie supra- 
vital teclmique. 

2. The clasmatocytes are vacuolated even normally. 

3. The vacuolation increases in the clasmatocytes of the whole 
brain as result of a localized injury, and it increases also throughout 
the central nervous system in the early stages of an herpetic encepha- 
litis, even before gross damage to neri^e cells or myelin can be 
demonstrated. 

4. The endothelial cells of blood vessels have not exliibited any 
signs of multiplication or of vacuolation. The}’^ have not apparently 
given rise to any of tliese phagocytes, nor taken any part in the phago- 
cytic reaction themselves. 

5. Along capillaries, the phagocytic cells are seen only rarely, and 
it is possible that they have wandered along these vessels from tlie 
nearby venules and arterioles. 

6. Trypan blue, injected without pressure into the subarachnoid 
space, finds its wa}’- rapidl}'- dovm tlie perivascular sheatli and enters 
the clasmatocytes of tlie sheath, deep within tlie substance of tlie brain. 
From this fact may be deduced the functional patency of tlie perivas- 
cular cliannels and their conthiuity with the subaraclinoid space. 

7. L}Tiiphocytes are seen normally in tlie perivascular sheath, and 
the presence of the large young forms along witli tlie intermediate 
and the small old cells suggests that they develop in this situation and 
give rise to the l 3 mphoc 3 ’’tes of the cerebrospinal fluid by wandering 
out into the subarachnoid space. 

8. In response to an herpetic encephalitis, as well as otlier injury, a 
huge increase in the number of lymphocytes and of clasmatoc 3 ’^tes 
occurs in the perivascular tissues. 

9. The multiplication of both cell t 3 q)es seems to begin simultane- 
ously, but never at the same spot, any one point along a vessel e.x- 
hibiting a marked preponderance of either one form or the other. 

10. The resting clasmatocytes cannot readil 3 ’- be differentiated from 
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any other fusiform cell in sections of fixed tissues; -while the lympho- 
cj-te may appear, in such sections, as an apparently isolated small 
rotmd mononuclear cell, -with no visible relation to the perivascular 
apparatus. 

CONCLUSION. 

By means of the supra-vital technique, it has been found that the 
perivascular tissues of the brain contain normally two types of cells — 
lymphocytes and dasmatoc>i:es. It is believed that these cells are 
al-ways present and proliferate in situ, both under normal and patholog- 
ical conditions. 
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EXPLANATION OF PLATE 24. 

Fig. 1. Clasmatocyte agamst the endothelial cell of a small vein, supravitally 
stained with neutral red. From the occipital cortex of a normal guinea pig (K 51). 

X about 500. 

Fig. 2. Clasmatocytes stretched along the walls of a brandling group of capil- 
laries and venules, supravitall}^ stained in neutral red. From the parietal cortex 
of a normal guinea pig (K 50) . X about 600. 

Fig. 3. Clasmatoc 3 ^tes along the walls of arterioles, rounded up in response to 
the stimulus of an herpetic encephalitis. Supravital staining with neutral red. 

From parietal cortex of a rabbit (K 53). X about 900. 

Fig. 4. Lymphoblastic nest in tlie perivascular sheath at the jimction of two 
venules, from the cornu ammonis of a normal guinea pig (K 51). Lymphoc 3 'tes 
unstained. Clasmatocyte with vacuoles filled with neutral red lies stretched 
along the outer border of the perivascular sheath. X about 500. 

Fig. S. Reaction of l 3 mphocytes and clasmatocytes to subarachnoid injection 
of trypan blue. From the occipital cortex of an othenvise normal rabbit (K 74). 
Trypan blue appears black in the reproduction. X about 500. 

Fig. 6. Proliferating lymphocytes at the intersection of two venules from the 
corpus striatum of a rabbit with herpetic encephalitis (K 68). X about 500. 
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THE RELATION OF INIONOCYTES AND CLASMATOCYTES 
TO EARLY INFECTION IN RABBITS WITH BOVINE 
TUBERCLE BACILLI. 
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{From' the Laboratories of The Rockefeller InslUute for Medical Research^ 

Plate 25. 

(Received for publication, June 20, 1927.) 

In a recent paper, Lewis and Sanderson (1) reported the differences 
in the reaction in the lungs of rabbits to intravenous injections of 
human and bovine tubercle bacilli in doses of 1 mg. They studied 
the material in fixed sections, killing the animals at intervals of 48 
hours beginning 2 days after the inoculation. It was found that 
the response was the same to the tw'o strains of bacteria for the first 
8 days, and that then there was a rapid disappearance by absorption 
of the tubercles in the animals infected with the human strain, in 
contrast to their continued progressive increase with the bovine 
organisms. On the 2nd day after infection, they foimd in aU animals 
a marked thickening of the interalveolar septa of the limgs, due in 
part to congestion and in part to an increase in mononuclear cells of 
the “endothelial type,” and to polymorphonuclear leucocytes, both 
amphophilic and eosinophilic. They foimd small tubercles present 
from the 2nd to the 4th days. 

We have repeated these e.xperiments with rabbits, using the bovine 
strain of tubercle bacilli only, and making studies of the tissues at 
intervals of 24 hours for the first 4 daj's and thereafter every 48 hours 
throughout the acute reaction of the 1st month. The tissues of the 
lungs, the liver, the spleen, the mesenteric lymph glands, the omentum, 
and the bone marrow were studied routinely in the fresh, with the 
supravital technic, before fixation. 

The Lungs. 

24 hours after the injection of the bacilli (R 115) no increase in the free cells 
that come from a gentle scraping of the fresh cut surface of the lung could be 
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detected. As in the normal, the free ceils present were largely of two types, 
cIasmatoc 3 'tes and monocytes, though there were already present occasional true 
epithelioid cells, and areas of primitive cells (2) with tj'pical mitochondrial dis- 
tribution and no reaction to neutral red. Examination of representative areas 
near the hilum of the lung showed both clasmatocytes and monocytes with the 
usual phagocytosis of carbon, the former containing it in large masses, the latter, 
together with an occasional epitlielioid cell, storing it in fine scattered granules. 
While these tj'pes of cells were found in relatively the same proportions in other 
parts of the lungs, notablj'' the apices, the content of carbon was quantitatively 
less. The poljmorphonuclear leucocytes were present in numbers only representa- 
tive of the circulating blood in the organ. 

At 2 days (R 116 and R 215), just as Lewis and Sanderson found, there was 
an increase in free cells due in large part to clasmatocj'tes. The preparations 
all showed an excess of debris and, perhaps correlated with this, an increase of 
leucocytes. Some primitive cells and monoblasts, many very young monocytes, 
an occasional epithelioid cell, and lymphocytes were present. At 72 hours (R 
120) there were many more small l 3 Tnphocytes than prcviousl 3 '^ seen, but with 
clasmatocytes still predominating in the large mononuclear group. From the 
apex was revealed an area of t 3 pical epithelioid cells covermg about four oil 
immersion fields in the microscope, the first appearance of associated epithelioid 
cells, the earlier reaction being manifested in scattered indiWdual cells onty. 
This beginnmg formation of tubercles was confirmed in the stained sections of the 
fixed tissue. 

On the 4th day (R 216) the reaction had become predominantly monocytic; 
many yoimg monoc 3 'tes were found together with epithelioid cells and t 3 ’pical 
giant cells of the Langhans t 3 'pe, and certain of the epithelioid cells showed the 
beginning development of retractile, fat bodies in the periphery. In certain areas 
the clasmatocytes loaded rvith massed debris still were very numerous. In supra- 
vital surveys, at least, it seems essential, in describing the reaction of the tissues 
to tubercle bacilli, to differentiate two t 3 'pes of large mononuclear cells. While 
present together in all preparations, epithelioid cells and clasmatocytes tend to 
react ultimately so differently to neutral red, their concentration of vacuoles and 
debris is so dissimilar, and their varying percentages in the course of the develop- 
ment of the special patholog)' of the disease is so striking, that it is found con- 
venient and necessar 3 ’ to differentiate them in the attempted description of the 
pathological lesions and their progress. This will be discussed in detail in the 
latter portion of the paper. 

From the 6th to the 18th days (R 217, R 218, R 227, R 228, R 229, R 230, and 
R 231) the lungs showed an ever increasing limitation of air-containing alveoli 
comcident with a progressive consolidation with epithelioid and giant cells. 
Always there were present, however, manj'^ young monocytes; at least in one 
interpretation, the sine qua non, the source and origin of the increasing epithelioid 
ceUs. Together with the constant presence of the clasmatocytic scavengers 
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throughout this period, there was evidence of abnormal desquamation of bronchial 
and alveolar epithelium in the supravital spreads. 

The Liver. 

No reaction was noted in the liver until the 6th day after intravenous infection, 
when a few scattered epithelioid cells and one typical giant cell were found in 
the supravital surveys. The Kupffer cells appeared normal in number and activity. 
On the 10th day' was noted a decided increase in number and activity of the Kupffer 
cells, some fields showing 18 to 20 cells of this type. There were present many 
monocytes and occasional epithelioid cells. In one area there was a circumscribed 
group of 10 to 12 stimulated monocytes looking like a young tubercle. Only 
limited localizations of epithelioid cells have been observed in the liver of the 
rabbit rmder the conditions of this experiment during the 1st month after in- 
fection. 


The Spleen. 

The spleen revealed nothing abnormal in the supravital surveys for the first 
72 hours. On the 4th day, however, this organ was definitely enlarged (weight 
1.5 gm.), the lymphoid follicles standmg out sharply on the slightly bulging cut 
surface. The clasmatocytes were increased in number; no epithelioid cells were 
found. On the 6th day the weight was 1.7 gm. On the 8th day there were found 
primitive cells which were interpreted as monoblasts, and the sections of fixed ma- 
terial on the 6th and 8th days showed a few initial small fod of epithelioid cells. At 
10 days, the weight of the spleen was 3.1 gm.; color, deep red; acute splenic tiunor, 
with sinuses engorged with blood. Supravital studies at this time showed in- 
creasing monocytes with typical epithelioid cells; clasmatocytes in large numbers 
contained their usual complement of red cells plus much finer debris. On the 
12th day were found scattered everywhere small clumps of epithelioid cells (spleen 
weight 3.2 gm.) in addition to the clasmatocytes heavily engorged with all kinds 
of red cell debris. Sinuses were dilated with blood. 

The spleen at 14 day's weighed 4.9 gm., being dark maroon in color. The clas- 
matocytes showed marked phagocytosis of both red and white cells, indicating 
an injury predisposing the latter to ingestion. A few scattered clumps of epithe- 
lioid cells were present; sinuses congested. 

On the 16th day the spleen weighed 3.5 gm., was a deep red, and presented a 
moist cut surface. There were from three to five epithelioid cells per oil immer- 
sion field and numerous typical giant cells; the lymphoid tissue appeared to be 
relatively less in amoimt, some myelocytes were seen, and an occasional large 
megacaryocyte with massive cytoplasm was observed; the usual clasmatocytes, 
highly phagocytic, were prominent. On the 18th day’ the spleen weighed 4.2 gm. 

From the 4th day after infection all rabbits surveyed during the 1st month 
have shown the development of an acute splenic tumor, largely due to dilated 
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sinuses, increased numbers of actively phagocytic cIasmatoc 3 des, and from the 
8th to the 10th days increased monoblasts, monoC3-tes, and epithelioid cells, with 
tubercular foci in limited number scattered both in follicles and parench 3 Tna. 

The Lymph Glands. 

In the study of the mesenteric l3miph glands during the first IS days after 
infection, the results have been constant. Beginning with the 4 th da3' these 
glands have all shown a marked edematous distention due to a great increase of 
fluid in the l3Tnphatic sinuses. On section of the fresh gland there was a copious 
flow of opaque fluid having a tendenC3' to coagulate quickty. The supravital 
preparations were made by taking a drop of this fluid, with and without scraping 
the cut surface of the gland, tlic mount being made as witli a film of blood. The 
earty reaction as revealed b3' these preparations was wholly clasmatoc3'tic though 
only a few intact phagoc3’tcs were found. In addition to the usual l3'mphoc3'tes, 
mostly small, there were great masses of extracellular stained debris, identical 
in appearance wflth that found in the intact clasmatoc3'tes. In confonnity with 
the Imown fragilit3’’ of these cells when highl3’^ phagocytic, tlie interpretation that 
there was great activit3' of the clasmatocytes or endotheh'um of the sinuses, and 
that many of these cells had dismtegrated, seems justified ( 3 ). 

On the 6th day there was foimd for the first time in addition to the above an 
extensive stimulation and development of ver3’’ 3'oung cells, difficult of 
differentiation between monoblast and 13'mphoblast at tliis stage in this environ- 
ment; man3' oil immersion fields of the microscope showed as many as 20 such 
cells. The rabbits representative of the period from the 6tli to tlm 12 th da3's 
presented much the same picture as just described. On the 12 th da3% in addition 
to man3’' young monocytes, t3'pical true epithelioid cells were found, botli singly 
and in small foci, whicli finding was t3’pical of the glands e.xamined from this date 
on in the acute period of the disease. v 

These obserAmtions agree in general with those of Kage 3 \ama (4) who made 
studies of the Ivanph glands of mice after intraperitoneal inoculation. He found 
the tubercle bacilli free in the sinuses after 5 minutes, and withm tlie Iming 
endotheh'al cells in 15 minutes. These endotlielial cells rounded up and became 
free and within 2 hours could be shoAvn to be filled with bacilli. The cells died 
in from 6 to 18 hours, the leucoc 3 ’-tes then coming into activit 3 ^ The leucocytes 
in turn died and Avere phagocytized b 3 ’- neAA' histioc 3 'tes; after the disintegration 
again of the latter no bacilli could be stained. Only after the 7th da 3 '’ AA'cre the 
epithelioid cells of tubercles found, containing ver 3 '^ few bacilli. 

These combined observations indicate the marked phagocytic actiAdt 3 ’ of the 
clasmatocytes for tubercle bacilli, tlie fragility of the cells, but their apparent 
power in at least destroying the acid-fast characteristic of the organism. Also, 
in contrast to the lung, the late development of tubercles in lymph glands is 
indirect eAudence against the normal presence of monoC 3 ^tic foci in the latter. 
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The Omenlmi. 

The omentum lends itself admirably to supravital surve 3 rs, because the rela- 
tionships of all cells are maintained in the thin films of this tissue, which it is 
possible to make on slides prepared in the usual manner. Until the 4th day the 
omentum showed only the usual clasmatocytic and fibroblastic distribution of 
cells. On the 4th day there appeared in addition a few, scattered, young, de- 
veloping monocytes, and the clasmatocytes from this stage on showed increased 
phagocytic activity and were predominant in their numerical strength up to 12 
days. On the 8th daj’ many clasmatocytes in the omentum contained acid-fast 
debris. On the 14th day epithelioids had appeared among the increasing mono- 
cjles and definite aggregations of epithelioid cells in tubercles were found on the 
16th day. 


The Bone Marrou'. 

The reaction of the bone marrow is initiated on the 8th to 10th days by the 
development of large nmnbers of young monocytes in silii, followed?from^the 
12th to the 20th days by an increasing encroachment on fat cells and hemopoietic 
foci by typical tubercular tissue. This process is followed in detail in an earlier 
paper in this Journal (5). 

Thus it Vidll be seen that with the intravenous portal of entry the initiation of 
the tubercular process in the lungs definitely antedates that observed in the other 
organs of the body as analyzed in these supravital surveys and confirmed by 
study of fixed sections. The first epithelioid cells are found in the limg within 
24 hours after the injection of tubercle bacilli but not until the 6th to the 14th 
da 3 rs in the other tissues studied. The earliest and most obmous reaction in aU 
organs is the clasmatocytic response, and the development of the tubercular 
tissue, epitheh'oid and giant cells, is always preceded or accompanied by a stimu- 
lation of monoblasts and young monocytes, apparently in situ. 

There is at present much difference of opinion concerning the 
phagocytic mononuclear cells, the prevailing idea being that they 
constitute a single strain. The recent studies by the method of tissue 
culture by Carrel and Ebeling (6), and by Lewis and Lewis (7) have 
brought strong support to this view. 

Carrel and Ebeling studying monocytes from the blood and macro- 
phages from the connective tissues found that the monocytes taken 
directly from the blood of the animal were smaller than the macro- 
phages but that this distinction disappeared with proper noxmshment 
in tissue culture; that monocytes and macrophages grew well with the 
same nutrient elements in contrast to fibroblasts; that they were 
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equally affected by certain toxic agents; and that they had the same 
type of actively waving surface films. From these common proper- 
ties they have concluded that any morphological differences between 
the two types are due to environmental influences. Lewis and Lewis 
have made extensive comparative studies of blood beginning with 
the fish and have also concluded that monocytes and clasmatocytes 
are a common strain. Neither of tliese studies with tissue culture 
has taken into consideration the fact tliat the desquamated endothelial 
cell, often a degenerating type it is true, but also quite as often a 
living, active cell, is present together with the monocyte in normal 
blood (8) . Moreover, even as blood cannot be considered the source 
of a pure strain of monocytes, neitlier can the connective tissues be 
considered the source of a pure strain of clasmatocytes since both 
clasmatocytes and monocytes are present in connective tissues. How- 
ever, these experiments with tissue culture are a great advance in 
our knowledge of the phagocytic mononuclear cells. Though there 
is considerable evidence to show that these two strains of cells do 
vary independently in their response to certain pathological condi- 
tions, nevertheless Carrel and Ebeling have definitely proved that 
under the conditions of tissue culture they both respond ahke to 
certain stimuli. 

The history of the type of cell now discriminated as the monocyte, 
distinct on the one hand from the granulocyte and on the otlier from 
the lymphocyte, is a confused one. The monocyte was first considered 
in the Ehrlich classification as a transition form in the maturation of 
the leucocyte. This error involved the idea that the specific granu- 
lation of the monocyte was of the neutrophiUc type. The correction 
came with the introduction of the Romanowski methylene blue-azur, 
specifically with the use of azur. With this technic, it was discovered 
by Micliaelis and Wolff (9) that both lymphocytes and monocytes 
(transitional leucocytes) contained azur granules. That the granu- 
lation of the monocyte has no relation to the neutrophilic granulation 
was fully demonstrated by Pappenheim and Ferrata in 1911 (10). 
The monocyte was described as making a tliird strain of the white 
cells of the blood, distinct from leucocytes and lymphocytes, by 
Schilling-Torgau in 1912 and 1914 (11), and since then this inteipre- 
tation has been generally recognized and accepted by hematologists. 
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However, the literature, particularly the clinical, has continued, even 
to the present time, to give records of blood counts in which mono- 
cytes and lymphocytes are recorded together as mononuclear cells 
without differentiation. The confusion attendant upon the lack of 
recognition of these cell differences clinically may weU be illustrated 
in the disease known as infectious mononucleosis. Unpublished ob- 
servations by both of the present writers in independent studies at 
the Johns Hopkins Hospital and the Boston City Hospital confirm 
the lymphocytic, rather than the monocytic, nature of the mono- 
nuclear increases in this condition. 

The discrimination of lymphoc 3 rtes and monoc 3 ’les can be made in 
a good methylene blue-azur stain. The cytoplasm of the monocyte 
reacts with a dense muddy blue color in which are embedded in the 
human strain var 5 nng numbers of tiny azurophilic granules (12), not 
identical with the azur granules of lymphocytes, since they are smaller 
and stain darker. The dearness with which these tiny granules may 
be seen is a good gauge of the success of the stain and the adequacy 
of the lens used. If the stain be too basophilic, the granules will be 
obscured. 

In the fourth edition of his text-book, Naegeli (13) states that these 
granules of the monocyte can be seen with dark-field illumination in 
the living cell. This we have confirmed. Since the monocyte has 
great numbers of tiny mitochondria, however, it is necessary to 
identify them also vath the dark-field illumination and to discrimi- 
nate them from the specific granulation. If a film of blood be stained 
with neutral red and Janus green and studied with a microscope in 
which first direct and then dark-field illmnination can be applied 
to the same cell, it is easy to demonstrate with a l 3 Tnphocyte that 
the mitochondria, stained green, but refracting pink in dark-field 
illumination, are the only bodies visible. By selecting a monocyte 
in which there are but few neutral red vacuoles and in which the 
mitochondria are well stained, the cytoplasm of the human monocyte 
under the dark-field appears fuUy as granular as the neutrophilic 
and the eosinophilic leucocytes themselves. This granulation, seen 
with the dark-field, in the human monocyte is neither the same sub- 
stance as the bodies that react to neutral red in the living cell nor the 
mitochondria, and is, therefore, by one more criterion differentiated 
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from the myeloid granulation. In the monocyte of the rabbit, there 
is a marked reduction of the azurophilic granulation in fixed films, 
most of the cells showing none at all, and the granulation \dsible in 
dark-field illumination suffers a corresponding reduction. In a more 
recent review, Naegeli (12) gives a plate of human monocytes showing 
the variations in the content of azurophil granules down to a cell, 
representative of the occasional human monocyte, which lacks them 
entirely. The latter is entirely comparable with the usual monocyte 
of rabbit blood, the basic muddy blue cytoplasm typical of all cells 
of this type being independent of species and granulation. Witli 
reference to this strain of cells in the two species, the peroxidase reac- 
tion has been found (14) to parallel the azurophilic granulation 
qualitatively and quantitatively, the majority of human monocytes 
giving a positive oxidase reaction, tlie opposite being true of the 
rabbit monoc 5 de. 

An adequate and assured discrimination between lymphocytes and 
monocytes became much easier ndth the introduction of tlie sup^a^^tal 
technic for the study of blood (15). When attention was focused on 
living blood cells studied in their reactions to neutral red and Janus 
green, distinctions between tliese two strains of cells, other tlian those 
above mentioned, became clear. The lymphocyte is cliaracterized 
by a clear cytoplasm in wliicli are many mitochondria and a few 
scattered vacuoles, whicli stain in neutral red, and which vary greatly 
in number and size according to the activity of the cell; these vacuoles 
in fresh preparations of normal blood are often entirely absent in 
the small forms. The nucleus is seldom round, but clianges con- 
stantly in shape, especially as tlie cell moves. The type of motility 
is characteristic, and like that seen in no otlier cell; tlie nucleus is 
always in tlie front end of the moving cell and changes so rapidly in 
shape that it seems to take an active part in tlie locomotion of tlie cell. 

The monocyte, on the other hand, both of human and of rabbit 
blood, shows a rosette of neutral red bodies of a uniform salmon tint, 
and great numbers of tiny mitochondria. The color and nature of the 
vacuoles reacting to neutral red are identical in all species, their 
relative number only influencing the sharpness of definition of the 
clearly maintained centrosphere. In the specific reaction to tubercu- 
lar infection, the epithelioid and giant cells of rabbit and human 
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tissues are indistinguishable in their characteristic reaction to vital 
dyes, while obeying the species response to the peroxidase reaction 
(14); rabbit epithelioid, oxidase-negative, human epithelioid, oxidase- 
positive. The cells in locomotion are stretched out often in triangu- 
lar shape; there is a slow progression with less active streaming of 
particles than with the granulocytes; in the supravital technic, the 
surface films do not have as free play, due to the narrowness of the 
space between slide and cover-slip, as in the tissue culture prepara- 
tions. These distinctions of motility are fully demonstrated in the 
moving pictures of Carrel, Ebeling, and Rosenberger. 

Thus, in the history of the study of the blood the monocyte was 
first confused with the neutrophilic leucocj'te, this error being gradu- 
ally corrected when it became clear that the monocj'te never developed 
a neutrophilic granulation. The monocyte then came to be regarded 
as indistinguishable from the l 5 Tnphoc>Te. But the azur granules of 
lymphocytes are large, few in number, and inconstant, while the 
azurophilic granules of the human monocj'te are tiny and usually 
extremely numerous; the degree of basophilia of the cytoplasm is 
distinguishing; and the living cells show a different type of motility 
and react characteristically to the supravital dyes. Then, too, the 
differential response in pathological states has further separated the 
types (16). 

We are now in a third stage in the history- of the monocyte in its 
struggle for recognition as an entity, when it is by some regarded as 
identical with the clasmatocyte of the connective tissues. It is clear 
that in the present daj- study of the mononuclear cells, the first step, 
as in the past, must be the effort to see if there are finer morphological 
discriminations by which different iy^es may be distinguished, and, 
then, to see if such criteria may be of aid in finding out and analyzing 
any differential response of these cells in physiological and pathological 
conditions. 

The morphology of a cell with such a wide range of phagoc 3 U:ic 
activity as the clasmatocyte must be varied. The cytoplasm of the 
clasmatocyte stained in methylene blue appears as a faintly basophilic 
thin .film (8) in contrast to the dense cytoplasm of the monocy-tic 
strain. This contrast is show-n in Figs. 8 and 9, which are clasmato- 
C 3 Tes, in contrast to Figs. 6 and 7, which are an epithelioid cell and 
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a giant cell of tlie Langhans type. The cytoplasm of the clasmatocyte 
has no specific granulation except for substances phagocytized. 
Hence, when granules are present, tliey may be of any size from tiny 
points to whole included cells, and they may react witli any of the 
shades of the dyes used, according to the original nature of the sub- 
stances taken in or tlie state of digestion in which they are found. 
Likewise, in the supravital technic, the clasmatocytes vary all the 
way from a small cell with a few vacuoles stained witli the neutral 
red up to enormous cells engorged witli whole cells and debris. 

In general, there are two groups of clasmatocytes: first, tlie con- 
stantl}'- active phagocyte of certain organs, the derivatives of tlie 
so called specific endotlieUa, namely of spleen, lymph glands, bone 
marrow, and liver; and secondly, tlie normally less active phagocytes 
of the general connective tissues. 

With tlie supravital technic we have found tliat the normal mono- 
cyte of the blood and the resting clasmatocjde of the tissues (Fig. 3) 
are readily discriminated by the nature of tlie stained vacuoles. 
This much might be granted under either concept of their relation- 
ship, whether they are to be considered as different strains or simpl)’’ 
as different phases of tlie same strain of cells. The vacuoles of tlie 
monocyte of the blood show a uniform salmon-red reaction to vital 
neutral red and they form a relativelj’- permanent rosette around the 
centrosphere of the cell. 

In the unstimulated clasmatocyte of the tissues, the vacuoles are 
not in a rosette but are scattered throughout tlie cytoplasm, and they 
may stain red, or orange, or yellow; moreover when tlie cell is watched 
in the supra\’ital preparation, tliere is usuall}'' a tendency for the color, 
if originally red, to change toward yellow. \Wien the monocyte is 
watched in tlie supravital film, tlie red color of tlie vacuoles tends to 
be retained persistently even to a stage of degeneration whicli involves 
a destruction of the cell membrane. This phenomenon is not seen 
unless tlie dye is in a concentration that is differential. 

A dilution of vital neutral red to be discriminatory must be care- 
fully adjusted. Fortunately, in normal blood, tliere is an excellent 
standard for the optimum range of neutral red as an indicator; tlie 
eosinophilic granules should show tlie alkaline or yellow reaction of 
one extreme, pH S; the basophilic granules should show the otlier 
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extreme with the deep scarlet of the acid end, pH 6.8; the vacuoles of 
the monocytes should give the sahnon shade of an intermediate pH. 
In rabbit blood with the high percentage of basophils and sufficient 
eosinophils, the standardization is readily made. Most of the neutral 
red in use gives a yellow tone modified by a coppery tinge for the 
eosinophilic granules. A perfect dye has only the yellow tone. Oc- 
casionally two different eosinophils in a drop of blood vary slightly 
in their reaction to the dye. The basophils must have the brilliant 
scarlet reaction. If the concentration of the neutral red is too great, 
every substance that reacts at all in the cells will be a deep rmiform 
red. -Usually in such a preparation a lessened motility of the cells 
will also indicate a toxic reaction of the dye. In a dilution that brings 
out the entire range of color from red to pure yeUow, the vacuoles of 
the monocyte and epithelioid cell are distinctly and uniformly within 
the acid range of the dye but never as sharply scarlet as the reaction 
of the basophilic granules. We have described the characteristic 
shade of the vacuoles of the monocjrte as a sahnon-red. In becoming 
the epithelioid cell the vacuoles may assmne a uniform carmine tone, 
as is shown in Fig. 2. The clasmatocyte on the other hand quite as 
characteristically shows every range of color of the dye in the same 
cell, often all shades being present. The clasmatocyte of Fig. 5 shows 
the orange and yellow tones. 

Because the shade of the dye in the vacuoles of digestion of the 
clasmatocyte frequently changes from the varying tones of red through 
orange to pure yellow while the cell is watched, the question is raised 
as to whether this change may not represent a physiological process 
fundamental to this type of ceU, indicating that the development of 
a relatively alkaline reaction may be essential to the digestive proc- 
esses of the vacuoles. On the other hand, this change in color may 
be only the less significant step in a process of degeneration and cell 
death. If the latter be true, then monocytes do not tend to degenerate 
in this manner. 

Often the clasmatocytes show the yellow reaction of the vacuoles 
when first taken from the animal. This was conspicuously the case 
with the stimulated clasmatocytes of the lung the first 3 days after 
the injection of tubercle bacilli. These contrasts are well seen in 
cells of Figs. 1 to 5. Figs. 1, 2, and 3 are a fibroblast, an epithelioid 



638 


INFECTION WITH HOVTNE TUBERCLE BACILLI 


cell, and a clasmatocyte taken from the omentum of a rabbit, R 160, 
which had received twelve doses of a phospholipin, designated A-3, 
isolated from human tubercle bacilli by Dr. R. J. Anderson. The full 
account of the experiment is given in an accompanying paper in tliis 
Journal (3). The three cells, Figs. 1, 2, and 3, were in tlie same held; 
the fibroblast was in the middle and the other two were not more than 
the diameter of two red cells apart. The red cell of Fig. 4 gives the 
magnification. The fibroblast was unstimulated and showed no 
reaction to the neutral red. The epithelioid cell of Fig. 2 is typical; 
it is the type of cell cliaracteristic of the lesion of tuberculosis itseh, 
in this instance produced in response to a chemical factor from the 
bacillus. It shows the carmine reaction of tlie tiny vacuoles of the 
rosette and this color showed no tendency to fade on standing. The 
clasmatocyte, Fig. 3, is the t3^ical long cell characteristic of the 
resting type to be seen in the normal omentum and in the general 
connective tissues. When this cell was first seen, its vacuoles had 
considerable red but the epitlielioid cell was drawn first and by that 
time all the vacuoles of the clasmatocyte were yellow as shown in 
the drawing and yet tliere was no indication of any damage to the 
cell. The omentum provides perhaps the best material for supravital 
studies in the early stages of a peritoneal irritation, because it is so 
thin a film that one can, so to speak, dissect tlie entire thickness with 
the focusing screw of the microscope, and because the cells are re- 
tained in their original relative positions. The position of these 
three cells, all witliin one oil immersion field of the microscope and 
all three showing a different reaction to an identical concentration of 
the same dye, is evidence toward tlie view of a differentiation of the 
cells of the connective tissues in an environment that must be essen- 
tially the same for each. It is difficult to imagine any great difference 
in environment between these three cells as far as soluble factors are 
concerned. The phospholipins of the experiment were not in solu- 
tion but in the form of an emulsion, but there is evidence that the 
clasmatocytes also take in h'poids. If, then, both types of cells take 
in the lipoids, it appears that they treat tliis material differently. 

The cell of Fig. 5 was in our interpretation a clasmatocyte from 
the circulating blood of a rabbit, R 193. This animal was one of a 
group of six animals which were inoculated with 1 mg. of a culture 
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of Strain Bl, which had been growing for 2 months and proved to be 
largely attenuated. The signs of tuberculosis were slow in develop- 
ing; there was no anemia in a month, and in only two of the animals 
was there any increase in monocytes in the blood. The constant 
reaction of the blood during the 1st month to an active culture of 
this strain (Bl) has been reported in another commimication (5). 
A second dose of 2 mg. from a fresh culture of the same strain of 
bacilli was given 1 month after the first injection. The next morning 
five of the six animals were dead; two of them were stUl warm so the 
living cells could be studied, and the reaction in all the tissues with 
the supravital technic was of the clasmatocytic strain. In the sixth 
animal, that survived, there was a rise in clasmatocytes to 1600 per 
c.mm. on the next day, there were 1200 cells too far degenerated to 
be classified, while the monocytes showed only 800 per c.mm. of 
blood. The cell of Fig. 5 was drawn during this rise (see Chart 5 of a 
preceding paper (5)). It will be noted that the cell was heavily 
vacuolated with orange as the predominating shade, and during all 
the time that the cell was being drawn the color was changing toward 
the yellow tones. This slide was kept for 3 to 4 hours and the mono- 
cytes stUl retained their red vacuoles long after aU color had faded 
from the clasmatocytes and they had disintegrated. We have dis- 
cussed elsewhere (8) the fragility of the clasmatocytes in supravital 
preparations and their tendency to a sudden bleaching of all color at 
the time of the death of the cell. In this series of experiments, every 
lymph gland studied in the acute reaction to a massive injection of 
tubercle bacilli showed debris which had probably come from the 
disintegration of clasmatocytes. The debris foimd in fresh scrapings 
of the lungs 2 days after inoculation may have been from the same 
source since the only marked increase in cells at that time was in the 
clasmatocytic strain. An excess of cellular debris is also frequently 
found in the peripheral blood of the rabbits during tuberculosis. 

In the reaction to neutral red, the monocyte shows an almost uni- 
form color of the vacuoles in a given cell and the shade is of a salmon 
tint which may become a carmine tone in the tiny vacuoles of the 
epithelioid cell. The color of the vacuoles of the clasmatocyte varies 
all the way from red to yellow in one cell, and there is every possible 
combination of shades with marked changing toward yellow in many 
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cells. It is clear, then, that while there is an overlap in color reaction 
of these two strains toward the acid range of the dye, only the clasma- 
tocyte tends toward an ultimate alkaline reaction. 

It has been brought out by Lewis (17) tliat tlie arrangement of 
vacuoles in a rosette around the centrosphere can be observed in the 
clasmatocyte as well as in the monocyte. This is certainly true. 
It is also well known that at a certain stage in the development of the 
granulocytes, the neutrophilic, eosinophilic, and basophilic granules 
are arranged so as to accentuate the centrosphere. This is, however, 
a transient stage in the development of tlie leucocyte but this phase 
will be seen in the blood whenever conditions bring slightly less mature 
leucocytes from the bone marrow. In studying living cells taken 
directly from the animal, a rosette formation is the exception for the 
clasmatocyte and the rule for the monocyte, hloreover, in the 
epithelioid cell of the tubercular process, the rosette formation of 
the neutral red bodies becomes the constant, chief morphological 
characteristic of the cell. 

In an earlier paper in this Jotirnal (5), we recorded the finding of 
clasmatocytes in the bone marrow filled with acid-fast debris as the 
epithelioid cells of the local tubercular process degenerated spon- 
taneously. These cells were of the type of the branched adventitial 
cell of Marchand, stretched along the vessels so tliat of tlieir identity 
with the clasmatocyte or macrophage strain there was no question. 
In Figs. 6 to 9 is shown tlie contrast between the reaction of the 
clasmatocytic and the monocytic strains to tubercle bacilli as stained 
by the Ziehl-Neelsen technic. Figs. 6 and 7 are of the monocytic 
strain. Figs. 8 and 9 are clasmatocytes. Figs. 6, 7, and 8 are draw- 
ings made with tlie camera lucida of cells from a scraping from the 
lung of a rabbit (R 216) 4 days after the injection of tubercle baciUi. 
All three were taken from adjacent fields in the same preparation.- 
Fig. 6 is a young epitlielioid ceU containing seven intact tubercle 
bacilli. The cytoplasm stains a deep blue with the methylene blue 
of the counterstain and is exactly like the reaction of the cytoplasm 
of the giant cell. Fig. 7. In marked contrast is tlie pale, foamy, and 
much vacuolated cytoplasm of the clasmatocyte. Fig. 8, witli one 
large round nucleus. In tlie giant cell there are at least three nuclei, 
and the cell is filled with great numbers of intact tubercle bacilli. 
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In the two dasmatocytes, on the other hand, Fig. 8, from the lungj 
and Fig. 9, from the omentum, of another rabbit of the same series 
(R 218) killed 8 days after the injection of the bacilli, the reaction is 
entirely different. The cell of Fig. 9 is the same type as the long 
dasmatocyte from the omentum shown on the same plate as Fig. 3. 
In both Figs. 8 and 9 are shown acid-fast fragments, the cell of Fig. 
8 being the key because it has tuberde bacilli apparently in the 
process of fragmentation. In the omentum from which the cell of 
Fig. 9 was drawn, it was not simply the occasional dasmatocyte 
which showed this reaction, but there were wide zones in which every 
dasmatocyte contained the add-fast debris. Likewise, in the sections 
for bone marrow which have shown this reaction, it has not been the 
occasional dasmatocyte which contained the spedfic debris, but 
numerous cells throughout the section. 

The occurrence of add-fast granules in tubercular tissue is well 
known to the pathologist though it is not regarded as suffident evi- 
dence for a diagnosis of the disease in the absence of, or in the failure 
to find, the actual intact bacilli, but we are bringing evidence to show 
that they may be significant in the analysis of how the organism deals 
with a tubercular infection. Our observations indicate that there 
is a certain difference in the response of two dosely allied strains of 
mononudear cells to this spedfic pathological agent; that, while 
both clasmatoc 3 rtes and monocytes are, imder appropriate conditions, 
highly phagocytic types, the one form tends to break up tuberde 
badlli and the other type retains them intact and alive with reproducr 
tive multiplication for long periods of time. 

In these studies it appears that the immediate major response of 
the connective tissues to the infection of tuberculosis involves two 
strains of cells, dasmatocytes and monocytes. The more chronic 
response of the Ijonphocytes is well known through the work of 
Murphy (18). The dasmatocytes are the macrophages of the general 
coimective tissues and respond to the presence of large numbers of 
tubercle badlli as to any other debris or foreign material, phagoc 5 rtizing 
and fragmenting with the attempt to destroy vast numbers of the 
badlli. There is evidence that in this process many dasmatocides 
are tliemselves destroyed. During an infection with tuberculosis 
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great numbers of clasmatocytes containing acid-fast debris may be 
found in the tissues. 

Witli the monocyte, on the other hand, the infection exerts an 
influence whereby this cell becomes the typical epithelioid type, 
eventually making the cliaracteristic lesion of the disease; in the 
epithelioid and giant cells tlie tubercle bacilli remain intact and appar- 
ently survive over long periods of time. The epithelioid cell appears 
in the lung within 24 hours after the injection of the bacilli, which 
is correlated perhaps witli the observation that in tlie lung normally 
at all times are to be found numbers of mature monocytes. In other 
organs, this normal presence of monocytes is hmited, and may repre- 
sent one of the factors in organ susceptibility; the normal number of 
monocytes or the degree to which monoblasts may be stimulated to 
development and maturation, together with the activity of the 
clasmatocytes in destroying bacilli, in any particular region would 
appear to be a function of the rapidity and extent of the local tuber- 
cular involvement. 


SUMMARY. 

1. The early reaction to intravenous tubercular infection in the 
various organs of the rabbit reveals a pathognomonic response in the 
lungs within 24 hours; the specific response in the liver, spleen, lymph 
glands, and bone marrow, follows from the 6th to the 14th days. 

2. The development and extent of the pathologic process has been 
analyzed in terms of the activity of monocytes and clasmatocytes. 

3. The criteria for differentiating these mononuclear phagocytic 
cells into two strains have been analyzed and the technics discussed. 

4. The clasmatocyte phagocytizes tubercle bacilli freely and frag- 
ments them, as it does all cellular and other debris. 

5. The monocyte stimulated to metamorphose into the typical 
epithelioid and giant cell of the Langhans type retains the tubercle 
bacilli intact, with power to survive and multiply, over long periods 
of time. 

6. The normal number of monocytes or the degree to which mono- 
blasts may, be stimulated to development and maturation, together 
with the activity of the clasmatocytes in destroying bacilli, in any 
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particular region, would appear to be a function of the rapidity and 
extent of the local tubercular involvement. 
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EXPL.AN.ATION OF PLATE 25. 

Fig. 1. Fibroblast from the omentum of a rabbit, R 160, which had received 
ten intraperitoneal doses of SO mg. and two of 160 mg. of a phospholipin desig- 
nated A-3, isolated by Dr. R. J. Anderson from human tubercle bacilli. Strain H 
37. The peripheral blood from a similar experiment is shown on Chart 4 (R 
153) in a paper in this Journal (3). The cells of Figs. 1 to 4 were from the same 
preparation and were aU within the same oil immersion field. Drawn from the 
living cell stained supravitally with neutral red. The magnification is shown by 
the red cell of Fig. 4 
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Fig. 2. Epithelioid cell from the same preparation as Fig. 1. The color of the 
reaction of the rosette to neutral red, namely carmine, was carefully matched. 

Fig. 3. Resting clasmatocyte from the same preparation as Figs. 1 and 2. 
The vacuoles in the preparation when first seen had some red tones of the dye, 
but were all 5 'ellow, as shown, by the time the epithelioid cell of Fig. 2 had been 
drawn. 

•Fig. 4. Red cell for the magnification of Figs. 1, 2, 3, and 5. 

Fig. 5. Clasmatocyte from the peripheral blood of a rabbit, R 193. The studies 
of the blood of this animal are shown on Chart 5, in a paper in this Journal (5). 
The cell was drawn on March 22, 1927, 24 hours after the second intravenous 
injection of bovine tubercle bacilli, when there were 16 per cent clasmatocytes, 
12 per cent degenerating cells, and 8 per cent monocytes m the circulating blood. 
Drawn from the living cell stained with \dtal neutral red. The magnification is 
about the same as that of Figs. 1, 2, and 3. 

Fig. 6. Epithelioid cell with seven intact tubercle bacilli from a scraping of the 
cut surface of the lung of a rabbit, R 216, 4 da 3 ’s after an intravenous injection of 
5 mg. of living tubercle bacilli. Stained with Ziehl-Neelsen technic for tubercle 
bacilli. The cells of Figs. 6, 7, and 8 are all from the same slide; were drawn with 
the camera lucida, magnification 1700, with the reaction to the methylene blue 
carefully matched. 

Fig. 7. Giant cell of the Langhans type from the lung, showing many intact 
tubercle bacilli. Drawn from the same slide as the cell of Fig. 6. 

Fig. 8. Clasmatocyte from the lung, showing many tubercle bacilli in the 
process of fragmentation. From the same preparation as Figs. 6 and 7. 

Fig. 9. Clasmatocyte from the omentum of a rabbit, R 218, 8 days after an 
intravenous injection of 5 mg. of Ihdng tubercle bacilli. Fixed in formalin and 
stained with Ziehl-Neelsen technic for tubercle bacilli. Drawn with the camera 
lucida at a magnification of 1700. This cell was one of many in the preparation 
to show acid-fast debris. 
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THE BIOLOGICAL REACTIONS IN RABBITS TO THE 
PROTEIN AND PHOSPHATIDE FRACTIONS FROM 
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Plates 26 to 29. 

(Received for publication, June 20, 1927.) 

Through the organization of the Research Committee of the Na- 
tional Tuberculosis Association, for cooperative research, we have 
had available for biological testing certain protein and phosphatide 
fractions isolated in the chemical analysis of tubercle bacilli. Two 
specimens of water-soluble proteins, designated 304 and 903 respec- 
tively, were received from Professor Treat B. Johnson of the Sterling 
Chemistry Laboratory of Yale University, and two phosphatide 
fractions, A-3 and A-4, from Dr. R. J. Anderson, of the same labora- 
tory (1, 2). The material was obtained from the analysis of human 
tubercle badlli, strain H 37. 

In another paper in this Journal (3) evidence has been given to 
show that dasmatocytes and monoytes react differently toward 
tuberde badlU. By some investigators, particularly those using 
the technic of tissue cidture, it is beh'eved that this phagoc 3 dic mono- 
nudear group represent essentially a single strain of cells, variations 
in the physiological enviromnent being thought sufSdent to accoimt 
for differences in the histological structure within the limits observed. 
However, an increasing weight of evidence accumulating as a result 
of the direct analysis of the response of the cells of the connective 
tissues in situ to pathological conditions, is necessitating the subdivi- 
sion of this group on functional, as well as genetical and structural 
(“ij 5) grounds. For example, while both dasmatocytes and mono- 
cytes phagocytize tuberde badlli, the dasmatocyte on the one hand 
fragments the bacteria readily and rapidly as it does all debris with 
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which it has to deal; the monocyte, on the other hand, retains the 
specific bacillus intact so long that the relationship may be considered 
one of symbiosis. 

And now, again, in analyzing the responses of tissue to the protein 
and phosphatide fractions from the tubercle bacilli, it has been found 
necessary to express the differential reactions in terms of the same 
two types of cells within this mononuclear phagocytic group: the 
response to the protein fractions has been predominantly clasmatocy- 
tic, in sharp contrast to the development of monocytes, epithelioid 
cells, and Langhans giant cells, making the tj^ical lesions of tuber- 
culosis, which is tire overwhelming reaction to the phosphatide 
fractions. 

The amount of material available limited the administration of 
the protein fractions to seven rabbits, the phosphatide fractions to 
five rabbits, with a control group consisting of six rabbits. 

The Protein Fractions. 

Both the proteins, 304 and 903, were given intravenously from saturated solu- 
tions made up each day in water freshly distilled from glass. From a preliminary 
experiment (6) it was known that rabbits could readily withstand a dosage of lO cc. 
of the saturated aqueous solution of 304. With this experience as a basis a similar 
dosage of 903 was given to Rabbit R 13S, with an immediately fatal result simu- 
lating anaphylactic shock. A second rabbit, R 132, surv’ived the initial dose of 
10 cc. of 903, but died immediately after a second dose 24 hours later. In the 
latter animal the white count before the first injection was 9350; on the ne.xt 
day, just before the second inoculation, the white cells had risen to 25,000. At 
autopsy the lungs showed hemorrhagic foci and the free cells were predominantly 
clasmatocytes and leucocytes. The protein fraction 903 was, thus, found to 
be far more toxic than 304, since in the present experiment two rabbits survived 
ten and eleven doses, respectively, of the latter in the dosage that proved fatal 
with 903. 

To determine the upper limit of sublethal dosage for 304, Rabbit R 152 was 
given two injections of 20 cc. each at an interval of 24 hours. The studies of the 
peripheral blood of this animal are shown on Chart 1 , the data concerning the white 
cells being given on a scale one-half the magnitude of the other graphs to cover 
the rise in leucocytes. The dosage of 20 cc., while not lethal, was too toxic to study 
other than the acute reaction; the day after the first injection the animal appeared 
ill, ate but little, and showed a rectal temperature of 107.6°F. (nonnal 102-1 04‘’F.) ; 
followmg the second dose the condition did not warrant further injections. From 
the chart it is obvious that the animal was developing an anemia, the red cells 
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falling from 6,800,000 to 4,100,000 and the hemoglobin from 65 to S3 per cent; 
•while the white cells mounted from 10,000 to 27,000. On the two counts made 
before the injection, the neutrophilic leucocytes ■were lo'W, 38 and 29 per cent, 
as can be seen on the chart by a comparison of their number and the total number 
of the ■white cells. However, the total myeloid cells were about half the white cells, 
54 and 57 per cent, due to the relatively large percentage of basophilic cells, which 
were 13 and 22 per cent in respective coimts. 24 hours after the first injection a 
marked rise in the total number of white cells may be seen to have been due wholly 
to an increase in neutrophilic leucocytes and this continued to be true throughout 
the experiment. The basophilic and eosinophilic leucocytes, on the other hand. 


remained unaffected at their original levels indicat- 
ing a specific stimulating effect on one group of 
granulocytes only, namely the neutrophils. There 
were interesting qualitative as well as quantitative 
changes in the neutrophilic leucocytes: on Jan. 4, 
of the 67 per cent neutrophils, 57 per cent were of 
the non-motile (7) type. These are the forms that 
appear as ruptured cells with scattered granules in 
fixed films, showing that they are fragile. 24 hours 
after a second dose of 304 was given, the white cells 
showed some further increase but now there were 
found t'wo types of neutrophils, old, degenerating 
types ■with fragmenting nuclei and a new group of 
peculiar young forms. These young leucocytes had 
indented nuclei, not yet two lobed; they were 
markedly deficient in the specific granulation and 
rich in mitochondria; and they were not actively 
ameboid. In fixed films these cells had the other 
characteristic of incomplete matiuation, namely a 
strongly basophilic cytoplasm. At this examina- 
tion the leucocytes were about equally divided 
between the old forms and the yoimg. A second 



count, in the afternoon, showed a faU in total Chart 1. 


number of white cells to within normal limits -with 


only 6 per cent of the degenerating leucocytes remaining. On the next day the 
total white count had risen again to 27,000 and the young leucocytes as described 
were the predominating type. As ■wiU be seen on the chart, both monocytes 
and clasmatocytes rose slightly while the lymphoc 3 rtes remained at the low level 
to which they had fallen after the first dose. 


The studies of bone marrow following the autopsy on the 4th day revealed 
something of the nature of the processes already indicated in the studies of the 
peripheral blood. The bone marrow had been depleted rapidly of its store of 
matme myelocytes. Type C (8) : this was e^vident in the supra^vital preparations 
of the fresh marrow and in sections. The sections showed that the interspaces 
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between the fat cells had been denuded of cells so that they were lilce the sections 
of marrow shown by Doan ct al. (9) both from experimental animals treated with 
repeated doses of dead typhoid bacilli and from a human case of typhoid fever. 
In the supravital preparations of this marrow the immature myelocytes, Type B, 
with fewer of the specific ganulations, showed a premature indication of polymor- 
phism of the nuclei and the beginning of motility. Thus the leucocytes of the 
blood stream had had certain of the characteristics of the B myelocytes, namely 
the basophilic cytoplasm, the large content of mitochondria, and the low content of 
specific granules; while their nuclei were, on the other hand, of tlie type of the 
metamyelocyte, that is indented but not yet lobed. The nuclei showed that the 
cells were being transfonned into functionally active leucocytes without complete 
maturation relative to their full quota of granules. These cells therefore were 
entirely different from the immature and unchanged B myelocytes that occur in 
the blood stream in leucemia (8). This type of cell, the immature but motile 
leucocyte, is especially interesting because it occurs in the blood in typhoid fever 
(10), probably for the same reason as in this rabbit with the massive doses of 
protein. It must be discriminated with care from the monocyte both in the 
fixed films and in the supravital technic. The discrimination is to be made by 
the nature of the granulations. In this rabbit, it is interestmg to note that the 
effect of the protein was limited to the neutrophilic (pseudo-eosinophilic) leuco- 
cytes, both the basophilic and the eosinophilic cells being unchanged in the blood 
and in the bone marrow; the reaction thus represents a response to a protein in one 
strain of granulocytes. This type of reaction is of course not specific of a protein 
from tubercle bacilli only. 

The autopsy showed a general increase in clasmatocytes in the tissues in the 
lung; as determined in supravital studies, many of these clasmatocytes contained 
fragments of red cells. In sections the interalveolar septa were thickened and a 
few foreign body giant cells were found. As in all the animals with the protein 
fractions, there were hemorrhages. In this animal they were especially marked 
in the bone marrow as shown by sections. There were gross hemorrhages in the 
retroperitoneal tissues extending into the psoas muscle on either side. 

The liver showed changes. There were certain chronic periportal lesions en- 
tirely independent of the experiment. The acute lesions of the liver were irregu- 
lar, small zones of necrosis, involving 20 to 30 liver cells, sometimes centrally 
placed, but more often in the middle of the lobule part way between a portal space 
and a central vein. In these zones the liver cells were extremelj' vacuolated with 
no evidence of normal granulation and the nuclei showed extensive fragmentation. 
Frozen sections stained with Sudan III showed these cells loaded with fat. Leu- 
cocytes and highly phagocytic clasmatocytes infiltrated these areas, with destruc- 
tion so great that the vessels could not be anal 3 'zed. There were also degenera- 
tions in the convoluted tubules of the kidney, some of which contained cellular 
debris and some fragments of red cells. Thus the effects of tlie protein in this 
animal were a specific leucocytosis, fever, an increase hi clasmatocytes in the lung, 
multiple hemorrhages, focal fatty necrosis of the liver cells, and some damage to 
the cells of the kidney tubules. 
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TABLE I. 


Protocols. 


No. of 
rabbit 

Dose 

Length of life 


All protein fractions given intravenously 

R138 

1 dose of 10 cc. of 903 

Died inmediately after first dose 

R132 

2 doses of 10 cc. of 903 

Died after second dose 

R152 

2 doses of 20 cc. of 304 

Killed 48 hrs. after second dose. 
Maximum temperature 107.^ 

R131 

26 doses of 2 to 5 cc. of 903. Total 
of 72 cc. in 33 days 

Killed 3 days after last injection. 
Maximum temperature 107° 

R137 

25 doses of 1 to 3 cc. of 903. Total 
of 32 cc. in 31 days 

Died immediately after lastinjection; 
complicating peritonitis found, due 
to B. lepisepticum. Maximum 
temperature 108.2° 

R129 

13 doses of 6 to 10 cc. of 304. Total 
of 126 cc. in IS days 

Killed 24 hrs. after last dose. Maxi- 
mum temperature 108.5° 

R130 

12 doses of 6 to 10 cc. of 304, Total 
of 116 cc. in IS days 

Died night after last dose. Maximum 
temperature 108.3° 


Phosphatide fractions 


R 156 

2 doses of 80 mg. of A-3 intravenously 

Acute death suddenly after second 
dose, from emboli 

R153 

2 intravenous and 12 intraperitoneal 
doses of from 80 to 160 mg. of A-3. 
Total of 1280 mg. in 15 days 

Killed 24 hrs. after last dose 

R160 

12 intraperitoneal doses of from 80 to 
160 mg. of A-3. Total of 1120 mg. 
in 13 days 

Killed 48 hrs. after the last dose 

K158 

1 

1 intravenous and 12 intraperitoneal 
doses of from 40 to 160 mg. of A-4. 
Total of 1000 mg. in 14 days 

Killed 6 days after the last dose 

R159 

1 intravenous and 12 intraperitoneal 
doses of from 40 to 160 mg. of A-4. 
Total of 1 120 mg. in 14 days 

Killed 4 days after the last dose 


Controls 


R243 

15 intraperitoneal doses of from 80 to 
122 mg. of lecithin. Total of 1242 
mg. in 17 days 

Killed in excellent condition 24 hrs. 
following the last injection 

R244 

15 intraperitoneal doses of from 80 to 
122 mg. of lecithin. Total of 1242 
mg. in 17 days 

Killed in excellent condition 24 hrs. 
following the last injection 
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TABLE 1— Concluded. 


No. of 
rabbit 

Dose 

Length of life 


Controls — Coududed 

R245 

15 intraperitoneal doses of lecithin 
plus tubercle bacilli, H 37, inacti- 
vated at for 1 hr. Total of 

1242 mg. lecitliin and 3.75 mg. ba- 
cilli in 17 days 

Killed in excellent condition 24 hr.', 
following last dose 

R246 

1 

15 intraperitoneal doses of lecithin 
plus tubercle bacilli, H 37, inacti- 
vated at 60° for 1 hr. Total of 
1242 mg. lecithin and 4.00 mg. 
bacilli in 17 daj’S 

Killed in c.vcellcnt condition 48 hn- 
following last injection 

R247 

12 intraperitoneal doses of tubercle 
bacilli, H 37, inactivated at 60° for 

1 hr. Total of 3 mg. in 14 days 

Killed in axccllcnt condition imme- 
diately after last injection 

R248 

16 intraperitoneal doses of from ^ to 

3 mg. of tubercle bacilli, H 37, in- 
activated at 60° for 1 hr. Total of 

7 mg. in 19 days 

Killed in e.xcellent condib'on 24 hrs. 
after last injection 


With the studies on toxicity just cited as a basis for dosage the remaining mate- 
rial was given to a small number of animals, rather than less amounts to a larger 
series in the hope of securing if possible a striking and characteristic effect. The 
results have seemed to justify this plan. Two rabbits (R 131 and R 137) received 
the protein 903 in repeated dail3’' doses of 1 to 2 cc. of a saturated solution, with 
final doses of from 3 to 5 cc.; while two others (R 129, R 130) were given daily in- 
travenous injections of 304 in the original amounts of 10 cc. per dose. With these 
dosages in total amounts as shown in Table I, the effects noted in the four animals 
were in general comparable. 

Chart 2 is given as representative of the two animals with 903, Chart 3 for the 
two with 304. These charts are given for the sake of comparison of the effects 
on the peripheral blood of the chemical fractions from tubercle bacilli with the 
known effects in the rabbit of the living tubercle bacilli in large doses. In an 
earlier paper in this Journal (11) it has been shown that the changes in the blood 
after an intravenous injection of 1 or 2 mg. of bovine tubercle bacilli reflect directly, 
and may be interpreted in terms of, two different processes. First, an anemia 
combined with the fall in platelets and granulocytes indicates a direct effect on 
the bone marrow; second, an increase in monocjdes and at times in clasmatocytes 
combined with a faU in lymphocytes is correlated with the general progress of tlie 
tubercular process in the tissues (6). 

It has been demonstrated that the effect revealed in the blood in red cells, plate- 
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lets, and granulocytes is due to an extensive involvement of the marrow with tuber- 
culosis, a constant finding at a certain stage with the doses mentioned; that the 
local tubercular lesions are sufficient to displace the fat and to reduce the marrow 
to the level of the early erythroblasts for the red cells and the early myelocytes for 
the white cells. Rabbit R 131 received 903, m doses as seen in Chart 2. It will 
be seen in this chart that there is a sharp fall of the red cells, correlated vdth a drop 
in hemoglobin beginning after the 8th dose of protein; the lowest point was 
reached Dec. 30 with 3,760,000 red cells. There was later a partial recovery of the 
red cells, but to an average of 5,000,000 rather than to the original average of 
6,000,000. This fall in red cells was not correlated with a fall in granulocytes, 
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the latter remaining practicUy at their original level. The anemia was foimd to 
be due to multiple hemorrhages and was not therefore a local effect on bone mar- 
row except in so far as there were, as in every case, hemorrhages in the bone mar- 
row itself as well as multiple ones outside the marrow. The anemia was thus 
secondary to the hemorrhage. 

In regard to the white cells, the total numbers are not shown on the chart but 
their range before the injections was from 7250 to 15,600; while after the injections 
there were four moderately high counts: Dec. 21, 17,000; Dec. 23, 15,600; Dec. 31, 
15,400; and Jan, 6, 15,900. These numbers are not excessive for the rabbit and 
the experiments already recorded with R 132 and R 152 indicate that a marked 
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effect of the protein on the leucocytes is obtained only with larger doses. The 
chart also differs from a tj^iical tubercular chart in a negative effect on lympho- 
cytes. On the other hand, there was a somewhat rhythmic rise in monocytes and 
clasmatocytes \yhich is like tuberculosis. At the times of the increase in mono- 
cytes in the peripheral blood there were some qualitative changes, namely some 
decreased motility, an .increase in small scattered neutral red bodies in the cells, 
and some cells with accentuated rosettes; but no true epitlielioid cells were found 
such as had been seen in the preliminary tests with 304 (6). 

Rabbit R 137 received smaller doses of 903, namely, twenty of 1 cc., three of 
2 cc., and two of 3 cc., makmg a total of 32 cc. as contrasted with a total of 72 cc. 
for R 131 . R 137 had the only complication of the series, namely a terminal peri- 
tonitis due to the JB. Icpiscpticum, identiSed by Dr. Ida Pritchett. The only 
difference between this chart and that of R 131, as far as the white cells were con- 
cerned, was a fall in both leucocytes and l\-mphoc 3 'tes during the last 4 days. 
In this anunal there was no anemia. The autopsj^ showed only small fresh hemor- 
rhages so the interpretation is that the animal did not survive the hemorrhages 
long enough to show their effect in the peripheral blood. The cur^ms of mono- 
cytes and clasmatocytes were the same as in the corresponding rabbit, R 131. 

The peripheral blood in the two animals, R 129 and R 130 (Chart 3), that re- 
ceived the protein fraction 304, showed the same effects as 903. R 129 received 
eleven doses of 10 cc.. and one of 6 cc. Rabbit R 130 had ten doses of 10 cc. and 
one of 6 cc. Both animals showed a graduallj’’ progressive anemia; the lowest 
count on R 129 was 3,680,000 from an original base line of 5,500,000; while the 
lowest count on R 130 was 2,970,000 from a level of 5,000,000 to 6,000,000 be- 
fore the injections. Of all the animals with the protein fractions, R 130 showed the 
most marked anemia and had the most extensive hemorrhages. In both R 129 
and R 130 there was a neutrophilia and a tendency toward lower Ijrmphocytes. 
In R 130, though not in R 129, there was the same somewhat rhythmic rise in 
monocytes as is shown on Chart 2. 

In summaiy,the protein fractions 903 and 304 were both to.xic; both produced 
anemia with neutrophilia of greater or less degree; four of the rabbits died, two 
(R 138 and R 132) in the acute reaction to large doses of 903, one (R 130) after 
repeated doses of 304, and the other (R 137) after 903 but with a compli- 
cating infection so that death could not be ascribed to the protein alone. There 
were no signs of secondary infection in tlie other animals. One rabbit (R 152) 
was killed when in a critical condition; the other two (R 129, R 131) were killed 
while still in good condition All the rabbits appeared more or less ill witli temper- 
atures reaching between 107° and 108,5°.. 

At autopsy the findings in the series were quite uniform. The only signs of 
abnormality obvious in the gross inspection were multiple hemorrhages. In every 
animal, on opening the abdominal cavity, there was found edema of the preverte- 
bral connective tissues, with small hemorrhagic foci scattered throughout from 
diaphragm to pelvis. These hemorrhages e.xtended characteristically into the 
septa of the psoas muscles on either side and in one animal were found to have 
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dissected into the prevertebral tissues of the thoracic cavity and were found also 
in the axilhe. The question arose as to whether the psoas hemorrhages, so uniform 
in distribution in the gross, could be traumatic in origin, but they were present 
in only these five out of more than seventy rabbits handled in the same way by 
the same people; moreover, all the rabbits in this group had also hemorrhages in 
the bone marrow as well as in some of the other organs. The animal with the in- 
fection (R 137) had a peritonitis with a thick, purulent exudate covering the en- 
tire peritoneal surfaces, but typical hemorrhages were found in sections of the 
subperitoneal prevertebral tissues. 
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Chart 3. 


In Fig. 6, is shown a drawing from the central part of the mesenteric l 3 Tnph 
gland of Rabbit R 131, which drained a hemorrhagic area. The Ijunph cords are 
covered, or, in other words, the lymphatic sinuses are lined by endothelial cells 
which are engorged with debris from red cells. In this lymph gland the periph- 
eral sinuses were entirely denuded of endothelimn leaving quite bare the scanty 
framework of reticular cells which showed no phagccj^tic activity whatever. All 
the central sinuses of the gland show a complete phagocjUic endothelium except 
for an occasional endothelial cell which has dropped o5 as is indicated by the 
arrow b (Fig. 6). At the point marked with the arrow o on the drawing there is a 
reduplication of the endothelium, with the outer ceU rounding up as if to des- 
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quamate. At the point marked c, there is an endotlielial cell stretching along the 
reticular framework. 'Within the lymph cords there are a few phagocytic cells 
exactly like the lymphatic endothelium; some of these are obviously adventitial 
cells to the blood vessels of the lymph cords; others appear to be free of any relation 
to the adventitia of a blood vessel. There was no involvement of the blood vascu- 
lar endothelium per se in the phagocytic activity. In some of the central sinuses 
there were great numbers of free round phagocytes loaded with the debris, which 
cells probably account for the endothelium of tlic denuded peripheral sinuses. 
This l3miph gland offers as good evidence as can be had that certainly some of the 
cells of the free phagocytic type, the typical clasraatocj'te, may originate from 
endothelium, in this case from lymphatic endotheh'um. It also gives quite con- 
clusive evidence that there arc two tjqjes of cells in the ]3miphatic sinuses, the non- 
phagocytic reticulum and the potentially active endothelium; and it shows as 
well that the endothelium is complete or incomplete according to the functional 
state of the gland. It is probably true that the extensive response of the endo- 
thelium in this lymiph gland was not a primary effect of the protem injected but 
was rather a response secondary to the presence of a massive amount of the debris 
of red cells. In this rabbit there was one rather large hemorrhage in the edge of 
the psoas muscle near the kidney and there arc clumps of clasmatocytes loaded 
with yellow debris and others with brown pigment from the red cells in the sur- 
rounding tissues. This is the only rabbit in the series in which there has been 
any breaking down of the hemoglobin in any of the hemorrhagic areas sectioned. 
On Chart 2 from this animal (R 131), it will be seen that there was a sudden marked 
fall in the red cells, 24 da3"S before the date of the autopsjq whereas on Chart 3, 
the fall in the red cells was a very gradual one. All the other hemorrhagic areas 
studied in the other animals show the condition illustrated in Fig. 9, in which there 
are intact free red cells in the tissues exactly like those in the vessels without any 
appreciable phagocytosis. Obviouslj' there has been a marked increase in connec- 
tive tissue cells, with many mitoses present. In the supravital studies of the 
tissues adjacent to that of Fig. 9, the predominating cell was identified as the 
clasmatocyte m its characteristic reaction to neutral red but no phagocytosis of 
the red cells was found. The interpretation is that these areas show a preliminary 
increase in the clasmatoC3’’tes by division before the red cells are engorged. In the 
fixed tissue, as shown in Fig. 9, it is clearly not possible to discriminate between 
fibroblasts and clasmatocytes; and it is well known that the inactive clasmatocyte 
has never been discriminated in fixed tissues. tVith the supravital technic as 
applied to the connective tissues, however, it is possible to distinguish readily 
the cell types morphologically differentiated and known as the fibroblast, the rest- 
ing clasmatocyte, the stimulated clasmatocyte, the epithelioid cell, and the serosal 
lining cell (see plates, etc., in precedmg papers (4, 6) ). 

Beside the hemorrhages, all the rabbits with the protein fractions showed a thick- 
ening of the interalveolar septa in the lungs. The maximum grade of this lesion 
found in any of the series is shown in Fig. 7. In the gross specimens the lungs did 
not look abnormal, but there was an increased resistance to the knife on cutting 
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and the supravital preparations all showed an increase in free cells which were 
of the clasmatocj’tic type. In all the lungs the areas of thickened septa were in 
patches and varied in amount from a lesion just perceptible up to the grade shown 
in Fig. 7. This section is from a rabbit, R 130, which was foimd dead. The 
lungs were mottled, which was postmortem, but supravital preparations were 
recorded as showing a marked increase in free cells, entirely due to clasmatocytes 
which were stiU living as shown in their characteristic reaction to neutral red. 
It is interesting to note that this type of reaction has already been found in re- 
sponse to the injection of both living and dead tubercle bacilli. It is this reaction 
which Lewis and Sanderson (30) found in the lungs 48 hours after the injection of 
massive doses of living bacilli, demonstrated to be an increase in clasmatocytes 
in another paper in this Journal (3). The reaction in the lung to the injection of 
dead bacilli or of chloroform extracts has been described in the literature (14, 18, 
31) as an interstitial pneumonia, which is the lesion illustrated in Fig. 7. 

In describing the autopsy results in Rabbit R 152, with massive doses of 304, 
it was noted that there were small necrotic areas in the liver. There was another 
rabbit in the series, R 130, with extensive acute necrosis of the liver cells. At 
autopsy, the hepatic lesions were easily visible in the gross, giving a marked mot- 
tling to the surface; frozen sections showed areas of cells loaded with fat and in 
fixed sections these zones showed extreme necrosis of the liver ceUs with destruction 
of their nuclei. The lesions are the same as in Rabbit R 152 but much more ex- 
tensive. These are acute lesions, having no relation to the chronic periportal 
drrhosis found in aU the rabbits of the series. Inasmuch as the acute necrosis of 
liver cells was obvious in only two of the five animals, it carmot be regarded as a 
constant effect of the protein; it must, however, be kept in mind in the further 
biological testing of the material. 

The lesions foimd in all the animals that received the protein fractions were 
multiple hemorrhages from small vessels and an increase in clasmatocytes, espe- 
cially in the so called interstitial pneumonia of the lungs. These proteins were 
thiB toxic to endothelium. In general, the proteins were toxic to the animal, 
lethal in large doses, and gave high temperatures. 

Phosphatide Fractions. 

Known weights of the phosphatide fractions were rubbed into a fine emulsion in 
water freshly distilled from glass. The dose determined with reference to the 
proportion of this material to the total weight of the dry badUi was 80 mg. The 
first injections were made intravenously but since one of the animals dropped dead 
instantly, probably from an embolus, the intraperitoneal route was substituted. 

Four rabbits were given repeated intraperitoneal doses of the two fractions, 
as shown in Charts 4 and 5. Two rabbits, R 153 and R 160, received A-3, while 
two rabbits, R 158 and R 159, had A-4. These two fractions were entirely non- 
toxic and there was no rise in temperature in any animal. The two rabbits that 
received A-3, of which Chart 4 is representative, both showed an anemia with a 
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fall of about 2 million red cells and a corresponding drop in the hemoglobin. At 
the same time both of them showed a rise in monocytes reaching the level of 4000 
cells per c.mm. The two rabbits that received the fraction A-4, of which Chart 5 
is representative, showed the same response in less degree. In these animals, 
R 158 and R 159, the fall in red corpuscles was a little over a milh'on cells while 
the rise in monocytes was to the level of 2000 cells. The changes in leucocytes and 
l)anphocytes were inconstant and perhaps negligible; Rabbits R 153 (A-3) and 
R 159 (A-4) both showed the slight drop in leucocytes and lymphocytes indicated 
on Chart 4, while the other two had no changes, as shown on Chart 5. Thus all 
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Chart 4. 

four animals showed some anemia, which was possibly due to the distilled water 
introduced, since there were no hemorrhages and no changes were detected in the 
bone marrow. In all four animals there w'as a rise in monocytes, after A-4 to 
2000 ceUs, after A-3 to 4000 cells. Thus the greater anemia and the more marked 
monocytosis were with the fraction A-3. 

The four animals with the phosphatide fractions, in striking contrast to those 
receiving the protein, showed no clinical sjanptoms whatever during the course 
of the injections. The rabbits, therefore, were autopsied while all were yet in 
excellent condition when all the available material had been used. The extent 
of the pathological lesions was thus entirely imexpected. The findings in general 
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were identical in tj-pe in the four animak and the pathology in general was con- 
fined essentially to the peritoneal cavity. The local lesions were in every case so 
massive that it was difficult to differentiate quantitatively their relative extent in 
the individual cases. Rabbit R 128, which received A-4, had perhaps the great- 
est amount of involvement though it was one of the rabbits with the lesser reaction 
in the peripheral blood. 

On opening the peritoneal camty there were no ascites and no adhesions but all 
the animals showed an extensive involvement of the parietal and visceral periton- 
eum with what proved to be typical tubercular tissue. The omentum in every case 
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was a dense thickened, nodular, dull reddish mass, markedly different from the 
delicate membrane of the normal state. The characteristic color was probably 
due to the increased v'ascularization. Some idea of the thickness of these omenta 
may be obtained from Fig. II, in which the original thickness of the omentum 
illustrated can be seen at the upper right hand comer; the rest of the photograph 
gi%’es about one-third of the actual thickness of the tissue at that point. The 
proliferation is specifically of epithelioid celk with a great excess of giant celk of 
the Langhans t>pe in this area. The small darker nuclei indicate clusters of 
l>Tnphoc>'tes. Fig. 10 illustrates another area in the same animal (R 153) -jv-ith 
fewer giant cells and a marked proliferation of tjpical epithelioid cells. The 
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predominating cell from the omentum of this animal is shown in the supravital 
tedinic as Fig. 5. This epithelioid cell is to bo compared with a similar one, Fig. 3, 
which was found in the peripheral blood of a rabbit, R 19, 16 days after the in- 
jection of 1 mg. of living bovine tubercle bacilli. The graph showing the periph- 
eral blood of this animal is given as Chart 1 in another paper in thisTeKWcl (11), 
and the cell was drawn on Dec. 2 when there were 6000 monocytes per c.mm. 
in the peripheral blood. In both of these epithelioid cells is shown the typical 
rosette of tiny bodies, with the carmine reaction to supravital neutral red, which 
is the characteristic of the cell that makes the tubercle. In contrast to these 
epithelioid cells (Figs. 3 and 5) w'hich far outnumbered any other tj^pe of cell in 
the lesion, are three other cells illustrated from the same omentum as the cell of 
Fig. 5. Fig. 1 was an unstimulated fibroblast; entirely tjpical of the type. The 
cells of Figs. 2 and 4 were in oiir interpretation somewhat stimulated, roimded up 
clasmatocytes. They are to be compared with the unstimulated clasmato(yte of 
the omentum shown in Fig. 3 from an accompanying paper in this Journal (3). 
This cell W'as from the omentum of another of the rabbits, R 160, that received 
the phosphatide fraction A-3 , and ■was identical with man}’^ found in R 153. But 
beside these long forms there ■n’ere also found cells, such as the ones shown in Figs. 
2 and 4. In our interpretation these latter cells were types to be classified as 
clasmatocj'tes. The cell of Fig. 2 is the more tj'pical; the cell of Fig. 4 showed 
the tendency of the smaller vacuoles to fading toward yellow; the vacuoles •a’hen 
originallj' seen were a deeper red than is shown in the drawing, but they were 
ultimatel}' orange and yellow in color while all the epithelioid cells in the prepara- 
tions still showed an unchanged carmine reaction. Reference to the photograph, 
Fig. 10 (R 153), from the connnective tissues near the bladder, shows the pre- 
dominating cell to be the epithelioid tj^je, ■with eccentric nucleus, but there is an 
occasional atypical cell with the nucleus in the center as in Figs. 2 and 4. Proof 
will be given in the discussion of the controls that the clasmatocyte as well as the 
monocyte takes in lipoids. However, the contrast in the reaction of the cells 
tmder discussion in an environment as identical as there w’ould be within the area 
of omentxun included in one oil immersion field of the microscope is strikingly 
shown in Figs. 2, 4, and 5, or in Figs. 2 and 3 in the accompanying paper in this 
Journal (3). 

These are the observations. Concerning them, two different interpretations 
are possible; either the same type of cell is responding in two different ■wa3'S, 
thereby making it necessary to postulate differences in the environment; or, two 
potentially different strains of phagocj'tes are reacting differentlj' in the same 
en^viroiunent in their disposal of phagocytized material. Our interpretation at 
the moment favors the latter e.yplanation as the more probable. 

In all four of the phosphatide animals there was marked involvement of the 
parietal peritoneum, especially near the site of injections. The ■visceral peri- 
toneum covering the pelvic organs and the mesentery were extensively involved 
while the surface of the intestine had everywhere patches of the same tubercular 
tissue that characterized the omentum. Most of the lesions were nodular, white 
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or of the same dull reddish color as the omentum. In Fig. 8 is shown a section of 
the duodenum at the site of involvement in Rabbit R 159. It shows that the 
lesions are here limited to the serosal coat. The magnification is low to show the 
extent of the new growth. The mass of the tissue is of epithelioid cells. The 
dark patches in the center are l\'mphoc>'tes; the two dark areas on the left show 
necrosis with infiltration of leucocytes. The zone in the upper left comer is the 
more markedly necrotic. In one of the animals there was some involvement of 
the submucosa, probably by extension. In this same animal (R 159) there was an 
occasional smaU tubercle in the liver and a few epithelioid cells in the lung, but 
in general the reaction was almost entirely localized to the peritoneum. In one 
animal only, R 158, was there an involvement of the mesenteric lymph glands, 
as shown in Fig, 12. Here the peripheral folh'cles are seen extensively involved 
with typical epithelioid cells, girdng a picture that would be described as early 
tuberculous involvement, though no add-fast badlli could be found. 

Complete parallel surveys of all tissues from all animals receiving either the 
protein or phosphatide fractions have yielded uniformly negative results with the 
Ziehl-Neelsen technic. The phosphatide material itself gave a diffuse reddish 
reaction with the carbolfuchsin and some of the large giant cells, such as are shown 
in Fig. 11, stained a faint, di fuse pink. In the case of the lymph gland of Fig. 12 
there were certain areas within the folUcles and in the reticulum of the lymphatic 
sinuses in which groups of cells were found containing acid-fast debris. There 
were, however, no intact, add-fast bacilli found in any instance. 

The contrast between the reaction of the connective tissues to the protein frac- 
tions on the one hand and to the phosphatide material on the other may be seen 
at a glance in comparing the tissues of the lung, as shown in Fig. 7, with the 
omentum of Fig. 11. In Fig. 7, the reaction is not at all that of tuberculosis. The 
contrast is, however, much dearer in Figs. 9 and 10, where the tissues involved are 
entirely comparable. Fig. 9 is from the prevertebral tissues near the kidney- 
after the protein, and Fig. 10 from the connective tissue near the bladder after 
the phosphatide fraction. The character of the roimd cells -with eccentric nudei, 
together with the tj-pical giant cells of a tubercular lesion in the latter, contrast 
markedly with the long and the branched cells with no trace of a tubercular re- 
action in the former. In both of these photographs there is shown a little peii- 
vascular reaction. In none of the tissues in the entire series was any tendency' 
to-nrad fibrosis seen. In the tubercular lesions after the phosphatide fractions 
there was a considerable new growth of vessels. 

These are the preliminary tests of substances from the chemical 
analysis of the tubercle bacillus. Under the plans of the Research 
Committee of the National Tuberculosis Association, Dr. Tl' illi am 
Charles WTiite, chairman, these tests are to be extended, both to the 
products from the further analysis of these protein and phosphatide 
fractions and to comparable substances from other organisms. 
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As far as these studies have progressed, it is clear that certain of 
the responses to the proteins are like those to other proteins; for 
example, the anaphylactoid response to large doses, and the direct 
effect on tlie neutrophilic leucocytes from an excessive dose, and 
possibly the temperature. The acute effect on the liver cells in two 
animals can only be evaluated with a larger series of animals. With 
the proteins, all the rabbits showed fever, multiple hemorrhages, 
and a tendency toward an increase in the cellular response of clasmato- 
cytes. How far the toxic effect on endothelium and the pressor 
effect on clasmatocytes are specific awaits further tests. The phos- 
phatide fractions showed only one response, namely the local pro- 
duction of the typical lesion of tuberculosis. There was a massive 
local increase in monocytes, epitlielioid cells, and Langhans giant 
cells; there was some infiltration of this tubercular tissue with lympho- 
cytes and there was some necrosis. Thus, with these two types of 
substances from the analysis of the bacilli many of the effects of the 
actual disease have been reproduced. The typical distribution of 
the lesions of the infection with living bacilli was not reproduced. 
If the observations that in the disease itself clasmatocytes fragment 
the living bacilli, that the clasmatocytes are in turn disintegrated, 
and the resulting debris rephagocytized, actually mean that large 
numbers of bacilli are killed and broken down by the cells of the 
animal, then the actual progress of a tubercular infection involves 
the effects of both living and dead bacilli on the body. 

Controls. 

Before venturing any interpretation as to the specificity of the above reactions 
of the fractions from tubercle bacilli, adequate controls are, of course, essential. 
It will be possible to secure soon various bacterial proteins with which to com- 
pare and contrast the reactions already noted with the protein fraction from the 
tubercle bacilli. In some respects the acute reactions with this material have 
approximated anaphylactoid phenomena; in other respects the responses have 
been unlike the non-specific protein reactions with which the literature deals. 
Therefore, the real significance of these observations awaits further studies. 

As a partial control for the findings with the specific phospholipins of the tu- 
bercle bacilli, certain appropriate, if inadequate, experiments were carried out. 
When stained by the Ziehl-Neelsen technic, it was found that this material, as 
received, contained a limited munber of intact, acid-fast bacilli, the protein frac- 
tions being free of such findings. However, when the protein and phosphatide 
fractions were injected into guinea pigs directlj^, or inoculated on Petroff’s media. 
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or when the tissue suspensions from rabbits, treated as described above with these 
materials, were inoculated into guinea pigs, there was no evidence either from re- 
peated tuberculin tests or at autopsy, that any of the bacilh were viable. Ten 
guinea pigs were used; five were autopsied 2 months after inoculation with com- 
pletely negative findings, and five are still living and in perfect health 7 months 
after. Therefore, the control series of rabbits was divided into three groups: 
one to receive lecithin (12)‘ alone in doses comparable to that given in the case of 
the phospholipin; another to receive the same dosage of lecithin plus a known 
added weight of dead human tubercle bacilli. Strain H 37 ; the third to receive dead 
bacilli alone, all conditions being identical with those existing during the phos- 
phatide series. 

It has long been known that the injection of dead tubercle bacDli can produce 
lesions when injected into the living animal (13, 14). Koch (15) him self found 
that they caused aseptic pus upon subcutaneous inoculation. That the lesions 
produced with the dead organisms may be tubercles with typical epithelioid and 
giant cells is ako well recognised (14, 16-20). Typical of this early work is that 
of Prudden and Hodenpyl (21) who in 1891 injected rather large amounts of dead 
bacilli, 2 to 3 cc. of a milky suspension, by various routes, subcutaneous, intra- 
pleural, intraperitoneal, and intravenous. With the intrapleural and the intra- 
peritoneal routes, two animals, one in each series, developed a few small nodules 
of epithelioid cells in the serosa. With the intravenous route, the tubercular tissue 
was confined to the lungs. Prudden (22) then studied the lungs after intratracheal 
injections, in which he also foimd some reaction in the pulmonary tissues. 

In the attempts to explain the mechanism of the reactions noted, the non- 
specific foreign body stimulus of the bacteria as such is mentioned (18, 23), but 
it is evident that the preponderant opinion of investigators has been that the 
histological lesion caused by the tubercle bacillus is due to a poison liberated from 
the body of the bacillus by the action of the tissue cells (13, 14, 17, 23, 24, 25). 
Among the first to attempt an analysis of the effects of chemically separate con- 
stituents of the dead tubercle bacilli was Weyl (26). He obtained two substances 
from the bacillus, one of indifferent nature with the tinctorial properties of the 
bacteria, and the other a toxomucin which, upon subcutaneous injection, caused 
dry necrosis of the skin. Audair (27) reported the production of caseation ne- 
crosis in guinea pigs by subcutaneous and intratracheal injections of lipoidal 
materials from human tubercle bacilli extracted by ether, chloroform, xylene, 
and benzene. In 1903 he studied the tissue reactions following ether extracts 
of typhoid, Friedlander’s, and Loeffler’s bacilli, streptococcus. Staphylococcus 
aureus, gonococcus, and actinomyces, finding in contrast to the effects of ex- 
tracts of tubercle badlli no typical epithelioid proliferations but rather in each 
instance only inflammatory lesions comparable to those resulting from the original 
organism in its usual manifestations. Morse and Stott (23) produced typical 
cellular tubercles, without caseation, in rabbits and white rats, by subcutaneous 
intraperitoneal, and intravenous injections of the alcohol extract, but found the 

» We arc indebted to Dr. P. A.Levene for the lecithin used in the control animals. 
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ether extract to be inert. They attributed the characteristic microscopic lesion 
to waxy substances acting as a peculiar type of foreign body. Gachlinger and 
Tilmant (28) foimd non-specific “liver lipoids,” when injected subcutaneously, 
capable of producing tubercles with caseation, though Ray and Shipman (29) 
could not confirm this observation. The latter investigators found chloroform- 
soluble lipins extracted from tubercle, grass, and colon bacilli to produce “entirely 
similar epithelioid tubercles” when injected via the subcutaneous and intrapul- 
monary routes in guinea pigs. The dilTcrenccs in the degree of the involvement 
were not considered significant, the conclusion being drawn that the characteristic 
histological features of tubercles arc “merely a foreign body reaction.” How- 
ever, their controls of sodium stearate emulsion, with and without 0.5 per cent 
chloroform, and oh've oil, with and without 0.5 per cent chloroform, gave no lesions. 
True caseation was never seen by them and they question previous findings of thk 
nature because of the close macroscopic resembhince of the solid pus of rabbit 
and guinea pig to caseous material. Thus it will be seen that the literatime pro- 
vides to some degree controls for the work presented in this investigation. How- 
ever, the chemistry of bacteria is being placed upon a new foundation today with 
the improved methods of quantity production of known strains of organisms on 
synthetic media of known composition, and with the development of chemical 
procedures yielding material in amoimts sufficient both for analysis chemically 
and biologically. Also the newer criteria for cell identifications are making the 
study of the biological reactions more specific and exact than was possible in the 
earlier investigations. 

Charts 6, 7, and 8 are representative of the peripheral blood, respectively, in 
the three control groups here cited. No changes whatever are revealed in any 
of the graphs representative of temperature, w'eight, red cells, hemoglobin, or 
white cells of the various strains, in the periods of experimentation following the 
control periods. The fluctuations noted are quite within the range of normal for 
each determination. Thus, the clinical and peripheral blood findings indicate 
even less of a disturbance in the normal mechanisms in these control animals than 
was the case with the phosphatide fractions from the tubercle bacilli. 

Because of the intraperitoneal route for the injections and the striking findings 
w’ith the phosphatide fractions limited essentially to the local manifestations in 
the peritoneal cavity, the greatest interest attaches to the survey of this region, 
particularly the peritoneiun and omentum. Both parietal and visceral peri- 
toneum in five of the animals were glistening, smooth, and iminvolved through- 
out; only in Rabbit R 245, of the second group, were there found several strong, 
fibrous adhesions extending between the site of injection in the left abdominal 
wall and the serosa of the descending colon; the latter were probably secondary 
to some trauma incident to one of the injections. 

In the two animals receiving lecithin alone (R 243, R 244), the omentum in the 
gross show'ed a patch}’-, dusky, red color, with an increase in millc bodies, but 
lacked the extensive nodular thickening present in the animals receiving the 
phosphatide fractions. Supravital studies of films of omentum spread on neutral 
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red-Janus green slides shovred a dilatation of the omental capillary bed accounting 
for the gross appearance. The reaction of the adventitial cells along the small 
veins was particularly prominent. The milk spots were focal accumulations of 
highly phagocytic clasmatocjdes, their vacuoles reacting brilliantly with the 
neutral red. The phagocytized debris was globular but clearly not red cells. 
No monocytes or epithelioid cells could be identified as such. These identical 
preparations were subsequently fixed in situ in formalin, which faded the neutral 
red of the clasmatocytes, and were then subjected to staining with Sudan Ht. 
On reexamination of the same areas previously studied in the supravital, it was 
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found that the vacuoles formerly reacting to the neutral red also reacted to the fat 
stain, quantitatively, indicating a specific response to the foreign phospholipin 
of the strain of cells of the connective tissues chiefly responsible for the handling 
of non-specific debris. 

The human tubercle bacilU, Strain H 37, used in the last four animals of this 
control group, were grown under the same conditions as those used for the chemi- 
ral analj-ses yielding the proteins and phosphatides of this experiment, and were, 
indeed, dried weights from identical lots used by Dr. Johnson and Dr. Anderson. 
Known weights were inactivated at 60° for 1 hour and the individual dosage in all 
four animals was the same though the total dosage varied as indicated in Table I. 
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It was the desire to compare the relative reactions of known weights of dead bacilli 
alone via the peritoneal route witli comparable dosages in the presence of a non- 
specific phospholipin. 

The two animals receiving Iccitliin in dosages comparable to those of the phos- 
phatide fractions, plus known quantities of inactivated human tubercle bacilli 
(R 245, R 246), also showed the evidence of dilated vessels and increased milk 
bodies in the omentum. However, supravital studies of omental spreads from 
these rabbits showed the predominating reaction in R 245 to be the typical epi- 
theh'oid cells, with clasmatocytes, as in the preceding group, stimulated though 
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less in number; while in R 246, the predominant reaction was clasmatocytic with 
a less pronounced response of epithelioid and giant cells. 

In the two animals receiving dead bacilli only (R 247, R 248), the omentum 
had the gross appearance already noted. Supravital studies showed the more 
densely cellular areas to be predominantly clasmatoc 3 ^ic, though without the 
excessive phagocytosis of fat globules so prominently a part of the picture seen in 
the preceding four rabbits. The Sudan III preparations showed many of tlie 
cells characteristic of the dasmatocyte group with fine orange globules and an oc- 
casional larger fat body, but the majority of the cells did not react. This was in 
particularly striking contrast quantitatively to the studies in rabbits receiving the 
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ledthin. Typical epithelioid cells and giant cells of the Langhans type ■while 
present were a minority finding in these omenta subjected to dead badlh. 

Thus it will be seen that the intraperitoneal injections per se caused more or 
less of a ■vascular dilatation of the omentum, giving rise to a characteristic dull 
p int- coloration, ■with a local cellular stimulation predominantly clasmatocytic 
in all the animnk with the exception of R 245. Those rabbits receiving only 
lecithin showed no reaction of the monocytic strain of cells which could be identi- 
fied ■with the usual criteria of the supra^vital technic, but rather there was a pro- 
found phagocj'tic response on the part of dasmatocytes as sho^wn by surveys ■with 
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Chart 8. 


Sudan m. The response of epithelioid cells was minimal except in the case of 
Rabbit R 245, in which both ledthin and bacilli had been given, and here there 
was nothing comparable in the extent and spedfidty of the reaction to that seen 
m any of the animals recei^ving the special phosphatide fractions from the tubercle 
bacilli; 

These reactions of peritoneum and omentum are an adequate index of the 
general findings in the other tissues of the several groups. The mesentery showed 
some increase of cellular bodies comparable histologically to those described in the 
omentum. The mesenteric Ij-mph glands in all animals were swollen, tense, and 
on section a copious flow of opaque fluid was released, which coagulated quickly 
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ou standing. Tlicrc was in every instance a great excess, four to five per oil 
immersion field, of tj’pical clasmatocjdcs loaded with debris, but in all supravital 
studies only two typical epithelioid cells were seen (R 245) and no giant cells. 
The bone marrows in ever}’' animal were normal in their hemopoietic activity, 
and no epithelioid or giant cells were found in any ease. There was only one 
instance in the control group of six animals in which there was an acute splenic 
tumor. The spleen of R 244 weighed 2.4 gm., but on supravital study showed 
only the normal cellular differential except for numerous red blood cells. Only 
one spleen (R 245) showed epithelioid cells, three in number. 

Pleural cavity, lungs and heart, liver, intestinal tract, kidnc 3 's, from the ani- 
mals receiving lecithin were negative in the gross and microscopically. 

Both animals receiving lecithin plus bacilli showed some increase of monocytes 
in the lung with occasional tj'pical epithelioid cells, but with the predominant cell 
being the clasmatocyte. The large intestine in R 245 was involved, possibly at 
the site of an injury incident to the injection, the small intestine being unaffected 
throughout. 

Rabbit R 247, receiving dead bacilli only, showed a few epithelioid cells in the 
lung preparations, but in R 248 none were found, the usual clasmatocyte pre- 
dominance being the obvious finding in both cases. 

Certainly it may be accepted that dead bacilli alone in repeated 
doses and in the amounts cited, when injected intraperitoneally, can 
excite in the peritoneal cavity only a very limited development of 
the cellular pathology pathognomonic of tuberculosis; that lecithin 
is quite incapable of inducing other than a non-specific phagocytic 
response; and that the combination of lecithin and dead bacilli 
together reacts essentially independently witli only a minimal re- 
sponse of epithelioid cells. 

From the literature it is clear that the intravenous injection of dead 
tubercle bacilli produces in the lungs two distinct reactions: first, 
the so called interstitial pneumonia, primarily a proliferation of clas- 
matocytes; and second, small foci of typical epithelioid and giant 
cells. The protein and phosphatide fractions from tubercle bacilli 
here used sharply differentiate and separate these two reactions. 

It may not be surprising to find the occasional epithelioid cell 
in other pathological cellular responses, for in the limited surveys 
with the supravital technic already made, they have been found in 
Hodgkin’s disease and in the septa of certain tumors. The exact 
nature and distribution of the specific stimulant, possibly a lipoid, 
remain to be determined. However, the very special relationship 
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whidi this reaction bears to tubercular infection, and the apparent 
symbiosis of tubercle bacillus and epithelioid cell, present an approach 
to this disease which is thought at present to be significant. 

In the further studies with the chemical products from the tubercle 
bacilli it will be important to analyze the biological reactions in terms 
of the phagocytic mononuclear cells of the connective tissues, with 
the possible differentiation functionall}’^ into monocytes, epithelioid 
cells, and clasmatocytes. 


SUMMARY. 

1. The clasmatocyte, the cell with the power of fragmenting tuber- 
cle bacilli, the cell making the lesion of the so called interstitial pneu- 
monia, has been shown to be the overwhelming response to the special 
protein fractions, 304 and 903. Multiple hemorrhages, high fever, 
and toxicity have marked the use of these fractions in every instance. 

2. The epithelioid and the giant cell of the Langhans type, making 
typical tuberaJar tissue, have been the massive and specific response 
of the peritoneal cavity to intraperitoneal injections of the phospha- 
tide fractions, A-3 and A-4. These fractions have been entirely 
non-toxic in the dosages used. 
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EXPLANATION OF PLATES. 

Plate 26. 

Fig. 1. Typical resting fibroblast from the omentum of a rabbit, R 158, which 
had received 13 intraperitoneal doses of the phosphatide fraction A-4 on successive 
days, and was killed 6 days after the last injection. Stained in supravital neutral 
red. Magnification about 1940, as indicated by the red cell near Fig. 5. 

Fig. 2. Stimulated, round dasmatocyte from tlie same preparation as the cell 
of Fig. 1. 

Fig. 3. Epithelioid cell, stained supravitally with neutral red, taken from the 
peripheral blood of a rabbit, R 19, 16 days after tlie injection of 1 mg. of living 
bovine tubercle bacilli into the ear vein. The round, imstained bodies are fat. 
The chart of the blood of this animal is shown in another paper in this J oiirnal (11) 
as Chart 5; there were 6000 monocytes in a c.mm. of the blood at the time, Dec. 2, 
when this cell was drawn. Magnification shown by the red cell. 

Fig. 4. Slightly stimulated dasmatocyte from the same preparation as the cell 
of Fig. 1. 

Fig. S. Typical epithelioid cell, from the same preparation as the cell of Fig. 1, 
showing the rosette, with the carmine tone in supravital neutral red, character- 
istic of the type. 
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Fig. 6. Dravnng of lymph cords and sinuses from the center of a mesenteric 
Ij-mph gland of a rabbit, R 131, after 26 injections of the protein fraction 903. 
Tissue fixed in Zenker-formol. Stained with hematoxylin and eosin. Drawn with 
the camera lucida, magnification about 870. The lymphatic endothelium and the 
clasmatocytes which have become free from it are marked by their content of the 
debris of red cells from a hemorrhagic area which was being drained, a — redupli- 
cation of endothelium with the outer cell becoming roimded up; b — a denuded 
area where the endothelium has desquamated; c — an endothelial cell stretching 
across the sinus. In the center is a tiny lymph cord with a perivascular clas- 
matocyte; to the left are free clasmatocytes in the lymph cord. 

Plate 27. 

Fig. 7. Photograph of a section of the lung from Rabbit R 130, which had re- 
ceived 12 intravenous injections of the protein fraction 304. Animal found dead 
the morning after the last dose. Shows the maximum thickening of the septa 
with clasmatocytes, the type proved by supravital studies since the cells were 
still living. AH the tissues were fixed in Zenker-formol and stained in hematoxylin 
and eosin. X about 90. 

Fig. 8. Photograph of the duodenum of a rabbit, R 159, which had received 13 
intraperitoneal doses of the phosphatide fraction A-4, and was killed 4 days after 
the last dose. To show the extent of the serosal lesion. The mass of the tissue 
is of epithelioid cells, with the dark spots in the center of lymphocytes and two 
large masses of necrosis to the left. X about 9. 

Plate 28. 

Fig. 9. Photograph of the retroperitoneal connective tissue, in the edge of 
the psoas muscle near one kidney, of a rabbit, R 129, which had 13 doses of the 
protein fraction 304. Killed 24 hours after the last dose. The tissue is hemor- 
rhagic and edematous, and shows a stimulation of the connective tissue cells 
which were predominately clasmatocytic in the supravital studies. X about 455. 

Fig. 10. Photograph of the connective tissue near the bladder from a rabbit, 
R 153, which received 14 intraperitoneal doses of the phosphatide fraction A-3, 
and was killed 24 hours after the last dose. It shows a reaction predominately of 
epithelioid cells and giant cells of the Langhans type. X about 455. 

Plate 29. 

Fig. 11. Photograph of the omentum of a rabbit, R 153, which had received 14 
intraperitoneal doses of the phosphatide fraction A-3, and was killed 24 hours 
after the last dose. It shows a reaction predominately of the giant cells of the 
Langhans tyi)e. There are many blood vessels and some clumps of lymnhocvtes 
X 195. 

Fig. 12. Photograph of the mesenteric l>mph gland of a rabbit, R 158, which 
had received 13 intraperitoneal doses of the phosphatide fraction A-A, and was 
killed 6 days after the last dose. The peripheral follicles with pale centers show 
extensive involvement with ty-pical epithelioid cells. X about 90. 
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THE EFFECT OF SERUJM UPON THE GERMICIDAL ACTION 

OF SOAPS. 


By ARNOLD H. EGGERTH, Ph.D.* 

{.From the Department of Bacteriology, Eoagland Laloratory, Brooklyn!) 

(Received for publication, July 11, 1927.) 

That serum inhibits the germicidal action of soaps was shown by- 
Noguchi (1907) and by Landsteiner and Ehrlich (1908). Further 
observations were later made by Lamar (1911) and by Walker (1924), 
Walker being the first to show that the effect of serum upon soaps 
varied both -with the soap used and -with the organism. 

In all these investigations, the effect of the pH was neglected. 
Serum that has come to equilibrium -with the COj of the air has a pH 
of 8.6 to 8.8. As the soaps ha-ving twelve or more carbon atoms are 
strongly hydrolyzed, their solutions are more or less alkaline. Hence, 
nith no adjustment of the pH, the test fluid will have a reaction of 
pH 8.6 to 9.5 or more.* As a previous investigation (Eggerth, 1926) 
had shown that the germicidal action of soaps in salt solutions was 
greatly modified by the pH, it was determined to study the action of 
serum on soaps over a Avide pH range. 

EXPERIMENTAL. 

Soaps of the following normal fatty acids were used: capiylic, capric, lauric, 
myristic, palmitic, and oleic. The soaps were prepared by adding the theoretical 
quantity of fatty acid (Eastman’s) to x/5 ROH. Kahlbaum’s sodium oleate 
was used. Just before each experiment, serial dilutions of the soap used were 
prepared in sterile N/10 NaCl solution. 

The test organisms were: Streptococcus pyogenes (“Gay” strain); B. diphtherix 
(“Park-Williams No. 8”); B. typhosus (“Pfeiffer” strain); and Staphylococcus 
aureus (old laboratory culture). These are the same organisms that were used 
in the previous investigation (Eggerth, 1926). 


* Van Cott Fellow, Department of Patholog>", Hoagland Laboratory. 

‘ The effect of the addition of boric acid to serum-soap mixtures, first described 
by von Liebermann and von Feny-vessy (1909), is due to the shift in the pH. 
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Fresh, sterile sheep scnim was used. To ever}' 10 cc. of scrum, 1.0 cc. of n/ 5 
HCl was added, to neutralize the NallCOa present. The scrum then stood over- 
night to allow the escape of the liberated CO 2 ; the pH was then about 7.2 to 7.6. 
It was then divided iirto five or more portions, and each portion adjusted with 
acid or alkali to the desired pH, the colorimetric metliod of Cullen (1922) being 
used to determine the end-point. The volumes of tlic different portions were 
then equalized with sterile n/10 NaCl. When it was desired to dilute the serum, 
this was done witli sterile phosphatc-glj'cinc buffer mixtures of the corresponding 
pH. These buffers have a salt content of n/lO; their composition is given in the 
first article of this series (Eggcrtli, 1926). 

The scrum mixtures were then inoculated with the test organism. The inocula 



f.o 7.0 s.o ‘f.O 


Fig. 1. The gennicidal titers of laurate for Staphylococcus, The incubation 
period was 2 hours at 37'’C. 

were such that each 0.5 cc. of test fluid contained 0.0-1 cc. of broth culture of 
Streptococcus pyogenes or B. diphthcrise, or 0.02 cc. of Staphylococcus aureus or B- 
typhosus. Then 0.5 cc. quantities were pipetted into series of small test-tubes. 
To each tube, 0.5 cc. quantities of soap dilutions were then added. (MTien a final 
senun concentration of 60 per cent -was desired, 0.75 cc. of adjusted serum and 0.25 
cc. of soap dilution were used.) Finall 3 ' each tube was rotated while in a slanting 
position and placed in the water bath at 37°C. At the end of 30 minutes, 2 horns, 
and IS hours, a 4 mm. loopful from eacli tube was subcultured on plates of blood 
agar (Streptococcus and B. diphtheria:) or plain agar (Staphylococcus and B. 
typhosus). At the close of the experiment, tlie pH of each tube was tested with 
the appropriate indicator. When substances other than serum (egg white, gela- 
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tin, etc.) were tested, the same general procedure was followed. The final con- 
centration of salt in the tubes was n/10 or a little greater. 

The results of some typical experiments are shown in Figs. 1 to 
3. In each case, the curv^e for a particular concentration of serum 
bears a definite relationship to the curve obtained for salt solution 
(buffer) alone. Thus, wherever the titer in salt solution alone is 
high, even small percentages of serum greatly diminish that titer. 
Wherever the titer in salt solution is low (less than n/320), small 
percentages of added serum leave the titer practically imchanged. 



pH 6.0 JO 8.0 f.o 


Fig. 2. The germicidal titers of myristate for Streptococcus: A, salt control; 
B, 10 per cent serum; C, 60 percent serum. The germicidal titers of palmitate for 
B. typhosus: D, salt control; E, 10 per cent serum; F, 60 per cent serum. The 
incubation period was 2 hours at 37°C. 

Thus small additions of serum flatten the curves and make them more 
nearly horizontal. If further larger amoimts of serum are added, the 
titers are reduced all along the line. 

In the combination of Staphylococcus with laurate, shown in Fig. 
1, the salt solution control makes a steep curve; the ratio of the titer 
at pH 5.0 to the titer at pH 9.0 is 256: 1. The addition of 5 per cent 
of serum to the soap diminishes the titer at pH 5.0 from n/20,480 
to n/1,280, while the titer at pH 8.0 to 9.0 is unchanged, and the 
ratio is now only 16:1. Further additions of serum now diminish 
the titer equally at all pH; the curves for 5, 10, 20, and 60 per cent 
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of serum are parallel. Other combinations that, in the presence of 
serum, gave curves similar to those of Fig. 1 were: Sl-aphylococcus 
with caprylate, caprate, and myristatc; B, lypliosus with caprylate 
and caprate; B. diphlhcrix with caprj^ate, caprate, and laurate; 
Sircptococcus with caprylate, caprate, and laurate. 

In the combination of Slrepiococcus with myristate, shown in Fig. 
2, tlie control curve for salt solution is comparatively horizontal. 



Fig. 3. The germicidal titers of oleate for SIrcpfococciis. The incubation 
period was 2 hours at 37°C. 

The addition of serum reduces the titer approximately equally at 
every pH, so that the serum-soap curves have about the same shape 
and inclination as tlie control. The following combinations behaved 
similarly to this one in tlie presence of serum: Streptococcus with 
pahnitate, and B. diphtherise with m 3 rristate and palmitate. 

In Fig. 2 are also shown the curves for B. typhosus and palmitate. 
Here the curve of the control rises steeply toward the alkaline side; 
the addition of serum inclines the curve toward the horizontal. Simi- 
lar results were obtained witli B. typhosus and laurate, myristate, 
and oleate. 



AENOIX) H. EGGERTH 


675 


Fig. 3 gives the effect of serum upon Slreplococcus and oleate. 
Here the titer in salt solution is high at every pH, though highest in 
the add range. Even 0.5 per cent of serum diminishes the titer 
from n/163,840 to n/10,240 at pH 6.0, and from n/10,240 to n/5,120 
at pH 8.0 and 8.5. Further additions of serum diminish the titer 
equally at every pH. 

It is an interesting fact that serum increases both the add and the 
alkali tolerance of bacteria. Thus, in salt solution (phosphate-gly- 
dne buffer) this strain of Streptococcus invariably dies within 30 
minutes at pH 5.5 and pH 9.0 at 37°C., while in 0.5 per cent serum 
it survives for 18 hours at the same reactions. (This organism has 
become more sensitive to acid and alkali during the past year, hence 
the tolerance is now different from that reported previously.) 

niscussiON. 

Several investigators have attempted to explain the mechanism 
of the inhibiting effect of serum upon soap. Von Liebermann (1907) 
ascribed the inhibitory action to the caldum of the senim, and von 
Liebermann and von Fenyvessy (1909) suggested both caldum and 
cholesterol as active constituents of the senun. Sachs (1908), on 
the other hand, believed the senun proteins to be responsible. Von 
Koranyi (1908) showed that the addition of serum to soap solution 
caused a slow increase of the surface tension of the soap solution, 
and suggested this as the cause of the inhibitory effect of the senun. 
Walker (1924) again suggested caldmn as the effective substance, 
although Lamar (1911) had denied this, and Clark, Zinck, and Evans 
(1921) stated that caldum played only a minor part in the inhibitory 
action of serum. 

Inasmuch as the mechanism of soap inhibition by serum is of 
considerable interest, this problem was taken up. Preliminary ex- 
periments showed that the active prindple was heat-stable; when 
diluted and boiled, serum is still inhibitory. The active prindple 
does not diffuse through collodion membranes whose permeability 
is such that they bold protein back. WTien serum is fractionated by 
dialysis or by ammonium sulfate predpitation, each fraction is active, 
and the activity varies approrimately uith the protein content of 
that fraction. 
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The calcium of the serum undoubtedly plays some part, but a 
minor one, as ^Yas also found by Clark, Zinck, and Evans (1921) in 
their studies on soap hemolysis. W^ien oxalated serum was com- 
pared with normal scrum, the germicidal titers with the two sera 
were exactly the same at every pH in 6 experiments, as follows; 
Sircpiococcus vnth laurate and myristate; Staphylococcus with laurate 
and myristate; B. typhosus with laurate and oleate. In 3 other ex- 
periments, the oxalated serum gave a soap titer twice as high as the 
normal serum at ever}’^ pH, as follows; Streptococcus with oleate (2 
experiments) and Streptococcus with laurate. A 10 per cent concen- 
tration of serum was used for these experiments. 

TABLE I. 


Germicidal Titers of Potassium Laurate for Staphylococcus in the Presence of Calcium 

Chloride. 


pH 

Acctatc-asparagine buffer 

Phosphatc-glycine buffer 

Control 

1-5,000 

CaCls 

1-1,250 

CaCk 

Control 

1-10.000 

CaCk 

1-2,000 

CaCk 

mm 

n/20,4S0 

1 

n/20,480 

n/20,4S0 

n/20-, 480 

n/20, 480 

n/20,4S0 

WSm 

n/5,120 

n/S,120 

n/320 

n/5,120 

n/5,120 

n/160 

WSSm 

n/1,280 

n/320 

n/80 

n/1,280 

n/320 

n/40 


n/320 

n/160 

n/20 

n/320 

n/160 

n/40 

■I 

n/160 

n/80 

n/20 

n/160 

n/80 

n/40 


The period of incubation was 2 hours; the temperature, 37'’C. 


In another series of experiments, varying quantities of CaClo were 
added to buffer solutions without serum, and the soap titers deter- 
mined. As the phosphate-glycine buffer precipitates the calcium in 
neutral and alkaline reactions, parallel experiments were undertaken 
with a special buffer mixture containing N./IO potassium acetate and 
n/ 10 asparagine. This buffer was adjusted to the desired pH by 
means of acetic acid or potassium hydroxide. As is shown in Table 
I, concentrations of 1-5,000 to 1-10,000 of CaClo definitely lower the 
titer, but only in the neutral and alkaline ranges. In this respect 
the effect is quite different from that of serum. Larger amounts of 
calcium produce an even more decided lowering of the titer, except 
at pH 5.0. 
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Table I shows that it does not make any difference whether the 
buffer precipitates the caldum or not. In the case of the phosphate- 
glycine buffer, either a double decomposition occurs, and calcium 
laurate is formed, or the precipitated calcium phosphate adsorbs the 
laurate; in either case the soap is removed from solution. 

The amoimt of calcium in human blood serum is given as 10 to 12 
mg. per 100 cc. If it is assiuned that sheep serum contains the same 
amoimt, then a 60 per cent serum would contain as much caldum as 
a 1-6,000 solution of CaClj; while 10 per cent serum should contain 
as much as a 1-36,000 solution. From Table I it is apparent that 
such small amounts of caldum can play only a very minor part in 
the serum inhibition of soaps, and then only in the neutral and alka- 
line reactions. 

The serum protein is undoubtedly more important. Unfortu- 
nately this cannot be condusively proved directly, as no method is 
known for completely freeing serum protein from lipoid without at 
the same time denaturating the protein and making it water-insoluble. 
Extraction with ether, as is well known (Madean, 1918), removes only 
a small part of the lipoid. A method which removes a large part of 
the senun lipoid without denaturating the protein is that of Hardy 
and Gardiner (1910). This method, modified somewhat to serve the 
present purpose, is as follows: 

To 1 volume of serum at 0°C., 12 volumes of absolute alcohol at 0°C. are added. 
The mixture is held at O'C. for 1 hour, with occasional shaking; it is then filtered 
with suction. The precipitate is washed, first with a mixture of cold alcohol and 
ether, then with pure ether. In all these operations, the temperature is kept at or 
near 0°C. A dry pwwder is obtained which is readily and completely soluble in 
H/10 NaCl solution. 

In Figs. 4 and 5 are shown the titers given by such a “defatted” 
serum having a concentration of 0.7 per cent dry protein (represent- 
ing 10 per cent of original serum). The acid titers are somewhat 
higher in both cases than in 10 per cent normal serum, while the 
alkaline titers are only a little higher. It should be remembered that 
this method does not remove all the serum lipoid; repeated extraction 
with hot alcohol is necessary for complete defatting. Hence it is 
impossible to tell whether the activity of this partially defatted serum 
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Fig. 4. The germicidal titers of laurate for Staphylococcus in the presence of 
various proteins. The incubation period was 2 hours at 37°C. Crystalline egg 
albumin in a concentration of l.S per cent; gelatin, 2 per cent; and peptone, 2 per 
cent, each gave a curve exactl}'' like that of the salt control. 



p// 60 70 8.0 70 


Fig. 5. The germicidal titers of oleate for Streptococcus in the presence of 
various proteins. A, salt control; B, crystalline egg albumin, 1.5 per cent; also 
peptone, 2 per cent; C, gelatin, 2 per cent; D, egg white, 10 per cent; E, casein, 1-2 
per cent; F, defatted serum protein, 0.7 per cent; G, serum, 10 per cent; H, egg 
yolk, 1 per cent. The period of incubation was 2 hours at 37°C. 
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represents the true activity of the protein or that of the residual 
lipoids. 

A number of other protein substances were tested (Figs. 4 and 5). 
Unaltered egg white, in a concentration of 10 per cent, gave quite 
different curves from 10 per cent serum, the titers in acid reactions 
being very much higher than with serum. Crystalline egg white was 
prepared by the method of Hopkins and Pinkus (1898), recrystaUized 
three times, and dialyzed. In a concentration of 1.5 per cent, it 
showed no inhi bitory action whatever for laiuate with Staphylococcus, 
and only slight inhibition of oleate with Streptococcus (Fig. 5). Clark, 
Zinck, and Evans (1921), using crystalline egg albumin m hemolytic 
experiments with sodium oleate, found that this substance, instead of 
inhibiting, augmented hemolysis by the soap; this was probably a pH 
effect, as the crystalline albumin is acid. 

Gelatin (freed from calcium by the method of Loeb (1919) ), in 
2 per cent concentration, and peptone (Parke, Davis and Co.), also 
in 2 per cent concentration, behaved like the crystallized egg albumin; 
no effect of these substances was noticed on the action of laurate with 
Staphylococcus, while they only slightly inhibited oleate with Strepto- 
coccus (Fig. 5). 

Casein was prepared from fresh milk by the method of Van Slyke 
and Baker (1918), and was carefully freed from lipoid by repeated 
extraction with warm alcohol and ether. In a concentration of 0.75 
to 2 per cent, it proved to be an actively inhibitory substance, but 
the curves are decidedly different from those of serum (Figs. 4 and 5). 
The alcohol-soluble protein associated with casein (see Osborne and 
Wakeman, 1918), when suspended in the buffer solutions, proved to 
be very strongly inhibitory to the germicidal action of soaps. 

Egg yolk also was found to be a powerfully inhibitory substance 
(Fig. 5). With only 1 per cent egg yolk, the titer of laurate for 
Staphylococcus was reduced to n/80 at every pH between 5.0 and 9.0 
(not shown in the figure) . The activity of egg yolk is probably mostly 
due to its liigh lipoid content. 

Washed red cells, added to the soap solutions, gave curves almost 
identical udth those of serum. 

From these e.xperiments it will be seen that every protein substance 
tested was more or less inhibitory* to the ole^te-Streptococcus combina- 
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tion; crystalline egg albumin, gelatin, and peptone, however, failed 
to inhibit the action oflaurateupon Staphylococcus. It is undoubtedly 
a significant fact that all the cuia^cs obtained for protein substances 
run more nearly parallel to tlie curve for salt solution than tliey do to 
tlie curves for scrum. 

The lipoids of the serum have hitherto not been definitely related 
to the soap-inhibiting property. Von Liebermann and Fen}wessy 
(1909), it is true, reported that cholesterol diminished the hemolytic 
power of sodium oleate, but Clark and Evans (1921), with more 
accurate titrations, failed to confirm tliis. Sachs (1908) extracted 
lipoids from serum by means of ether, and found that the lipoids 
alone had no effect on soap hemolysis. Clark and Evans (1921) 
found the petroleum ether extractives of serum to be inactive, as 
likewise commercial lecitliin. 

The experiments shown in Figs. 6 to 8, however, indicate that the 
lipoids are actively inhibitory to the action of soaps. In Uie experi- 
ments of Figs. 6 and 7, the lipoids %vere tested in tire form of aqueous 
emulsions, which were prepared as follows: 

1. Cholesterol, cholesteiyl oleate, and olive oil were made up in a 0.5 per cent 
solution in acetone and added to the soap dilutions. The acetone was then driven 
o5 by heat, and the lipoid-soap emulsions added to the inoculated buffers. The 
cholesteryl oleate was prepared by the method of Hurthle (1895). 

2. Lecithin was prepared from egg yolks, as commercial lecithin was found 
to be very impure. The yolks were dried, by two e.xtractions with acetone; then 
they were extracted twice with alcohol at 40°C. The alcoholic extractswere united 
and evaporated at 45°C.; the residue was dissolved in ether, filtered, and pre- 
cipitated with acetone. This precipitate was then twice dissolved in ether and 
precipitated with acetone. The final product was very pale yellow in color and 
dissolved completely in alcohol. It probably contained considerable cephalin; 
but as cephalin is also found in serum, there seemed to be no reason for removing 
it. This lecithin was readily emulsified by stirring in water. 

3. Oleic acid emulsion was prepared by adding HCl to sodium oleate solution. 
Oleic acid and sodium oleate are practically non-toxic for Staphylococcus (Walker, 
1924; Eggerth, 1926). 

4. The serum lipoids were prepared by extracting serum several times with 
5 volumes of warm alcohol and then ether; the filtrates Avere evaporated and the 
residue dissolved in alcohol and filtered. The alcoholic solution AA'as evaporated, 
with additions of water from time to time. When free from alcohol, the volume 
was made up to that of the original senun. 




Fig. 6. The germicidal titers of laurate for Staphylococcus in the presence of 
lipoid emulsions. The lipoid emulsions shovm are all in a concentration of 1-1,000. 
An oleic acid emulsion of the same concentration gave a curve identical -with that 
shown for cholesteryl oleate, as did also olive oil. Serum lipoids, in a concentra- 
tion equivalent to 10 per cent serum, also gave a curve identical with that for 
cholesteryl oleate. The incubation period was 2 hours at 37°C. 



Fig. 7. The germicidal titers of oleate for Streptococcus in the presence of lipoid 
emulsions. A , salt control; B, cholesteryl oleate, 1-1,000; also olive oil 1-1 000- 
C, Icathin, 1-5,000; D, lecithin, 1-1,000; E, serum, 10 percent. The incubation 
period was 2 hours at 37°C. 
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Figs. 6 and 7 show tlial the lipoids in aqueous emulsions all inhibit 
the action of soaps. This is especially true of lecithin. A 1-1,000 
lecithin emulsion gave a curve identical with that of 10 per cent 
serum (Fig. 6). Even very dilute emulsions of lecithin were appreci- 
ably active; thus, a 1-8,000 emulsion gave a can've identical with 
that of 1-1,000 cholcstcryl oleale (Fig. 6). This outstanding activity 
of lecithin is undoubtedly due to the basic nature of its molecule, 
which favors union with the fatty acids. 

As the lipoids in scrum arc present as a higlily dispersed colloidal 
solution, it seemed desirable to test them in aqueous solution. Two 
such preparations could be obtained. (1) Oleic acid is liighly soluble 
in casein solutions. A 5 per cent casein solution containing n/40 
sodium oleate remains perfectly clear when brought to pH 5.5, whereas 
the solubility of oleic acid in buffer solutions at pH 5.5 is n/5,120. 
In the experiments shovm in I’ig. S, the test fluids contained 0.75 per 
cent of casein and n/320 of oleate; they remained water-clear at all 
reactions indicated. (2) Lecithin is luglily soluble in bile salts, as 
shown by Long and Gephart (1908). A sample of sodium taurocho- 
late (Eimer and Amend, “pure”) was found to contain an ether-solu- 
ble impurity which interfered with tlie solution of lecithin and was 
also to.vic for Sircpiococcus. The commercial preparation was puri- 
fied by dissolving it in alcohol containing 2 per cent of sulfuric acid, 
then precipitating 'with ether. The precipitate 'v\-as twice dissolved 
in alcohol and precipitated with ether, then dried over sulfuric acid. 
A concentrated solution of taurocholic acid or its salt "will dissolve 
a large quantity of lecithin. Long and Gephart (1908) state tliat 5 
gm. of “bile salt” will dissolve 4.2 gm. of lecitliin; witli the prepara- 
tions used in these experiments, even larger amounts of lecithin were 
readily dissolved. The solutions are perfectly clear and stable at 
every pH tested and at all dilutions. 

The results of these experiments are shown in Fig. 8. The solu- 
tion of oleic acid-sodium oleate in casein is more inhibitory to the 
germicidal action of laurate upon Sinphylococcxis than casein alone or 
the oleic acid-sodiui'n oleate alone in emulsion form (Fig. 6). The 
taurocholate alone is quite indifferent to the Staphyhcoccus-laurate 
combination in the concentration tested (1-500); but when lecithin, 
in a concentration of 1-750, is dissolved in the taurocholate, the 
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inhibition is pronounced. The lecithin in solution is more active 
than the lecithin in emulsion (Fig. 6). 

The curve for Slreptococciis and oleate with taurocholate is rather 
peculiar. This is because the taurocholate, in a concentration of 
1-500, is itself germicidal to this Streptococcus at pH 6.0. At pH 
6.5 it is not germicidal, but its toxicity is added to that of the soap, 



pH S.O (,.0 7.0 8 j0 9.0 


Fig. 8. The gennicidal titers of soaps in the presence of lipoids in solution. A, 
titers of oleate for Streptococcus in the presence of 1-500 taurocholate (control); 
B, titers of oleate for Streptococcus in the presence of lecithin, 1-750, dissolved in 
1-500 taurocholate. C, titers of laurate for Staphylococcus in the presence of 
1-500 taurocholate (control) ; D, titers of laurate for Staphylococcus in the presence 
of lecithin, 1-750, dissolved in 1-500 taurocholate. E, titers of laurate for Stap- 
hylococcus in the presence of 0.75 percent casern (control); F, titers of laurate for 
Stapylococcus in the presence of 1-1,000 oleic add dissolved in 0.75 per cent casein. 
The incubation period was 2 hours at 37'’C. 

giting a very high soap titer. At pH 8.0 and 8.5, the taurocholate 
definitely inhibits the germicidal action of the oleate. But when 
lecithin was dissolved in the taurocholate solution, a curve was ob- 
tained that was identical with that of 10 per cent serum. The led- 
tlfin inhibited not only the germicidal action of the oleate, but that 
of the taurocholate as well. 
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It was noticed, early in the course of the experiments, that those 
substances that lower the germicidal tiler of the soap, usually increase 
the solubility of that soap; tins increase in solubility was often most 
marked in the acid reactions. It was often possible to predict the 
effect of a test substance upon the germicidal titer from tlie solubility 
of the soap in that substance. These relationsliips are shown in 
Table II. 

In determining the solubilities of soaps in serum (Table II) it was 
found necessary to oxalate the serum to determine solubility at pH 
7.0 and more alkaline reactions, otherwise a part of the soap is pre- 
cipitated by the serum calcium and the results obscured. 

A number of interesting facts are brought out by Table II. In 
the presence of serum at different dilutions and different pH, the 
ratio of the solubility of the soap to its germicidal titer is remarkably 
constant, indicating that these phenomena are in some way connected. 
The corresponding ratios for other test substances var}"- a great deal;' 
yet it will be observed that everj'- substance that increased the solu- 
bility of the soap (or fatty acid) diminished its germicidal titer more 
or less. The high solubility of oleic acid in casein solution, and of 
botli oleic and lauric acids in lecitliin-taurocliolate solutions, is 
noteworthy. 

The experiments described above indicate that the serum lipoids 
and serum proteins both participate in the action of serum upon soap. 
In unaltered serum it is probable that they largely exist as protein- 
lipoid conpounds. The question still remains, what is the mechanics 
of their action upon soaps? 

Du Noiiy (1922, 1926), in Ms surface tension studies, interpreted 
the action of serum upon soaps as being due to an adsorption of soap 
molecules on the surfaces of the huge serum molecules. In this way 
the soap is bound so tlrat it can no longer concentrate on other sur- 
faces, and tire surface tension of the mixture becomes, in a short time, 
the same as the surface tension of the serum alone. Even very small 
quantities of serum, 5 per cent or less, suffice to bring tliis about. 

This explanation might be taken as it stands to account for the 
effect of serum upon the germicidal action of soaps, were it not for 

two facts: (1) Under certain conditions, serum inliibits the germicidal 

action very little or not at all (c.g., tire effect of 5 per cent serum on 
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laurate ^Yith Staphylococcus at pH 8.0 and 9.0, Fig. 1); and (2) cer- 
tain substances found by du Noiiy to be as active as serum in raising 
the surface tension of soap solutions, such as gelatin and crystalline 
egg albumin, have little or no eflcct upon the germicidal action of 
soap (Figs. 4 and 5). 

In the case where lipoid emulsions are added to soaps (Figs. 6 and 
7), it is obvious that the soap will be distributed between three phases: 
the suspended lipoid, the water, and the bacteria. The concentra- 
tion of soap in eacli of these phases will vary, in this particular case, 
with the solubility of tlie soap in the respective phases. As the solu- 
bility of fatty acids in lipoids is high, then, in acid reactions, the 
greater proportion of the soap (fatt}-- acid) will be in tlie suspended 
lipoid: the concentration of germicide in the bacterial protoplasm 
will consequently be low, and germicidal action will be greatly dimin- 
ished.' On the other hand, salts of the fatty acids (soaps) are not 
very soluble in lipoids; hence in alkaline reactions the lipoid phase 
wll contain only a small part of the soap, and tlie concentration of 
germicide in the bacteria ivill be as great or nearly as great as in the 
salt control; hence germicidal action mil not be appreciably inhibited. 
Figs. 6 and 7 show that tliis actually occurs. When lipoids in aqueous 
solution are the test substances (Fig. 8) the results are the same, and 
it seems likely that the mecham’sm also is the same. 

When serum and bacteria are added to soap solutions the same 
thing probably occurs. The soap divides itself between tliree phases: 
bacterial protoplasm, water, and serum molecules; tlie final concen- 
tration in each phase will vary with the combination attraction of 
that phase for the soap. Whether the combination 'ndth the serum 
molecules is one of solution of the soap in colloidal micellm (as 'witli 
lipoid emulsions) or of chemical combination, or of adsorption in the 
sense of du Noiiy, is immaterial. Crystalline egg albumin and gelatin 
are less effective tlian serum because tlieir attraction for soap mole- 
cules is less; this is also shown by the fact that neitlier of tliem increases 
the solubility of soap in water. 

SUMMARY AND CONCLUSIONS. 

1. Far more information about the effect of serum or otlier sub- 
stances upon the germicidal action of soaps can be obtained by deter- 
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mining the genniddal titers over a wide range of pH than by deter- 
mining the titer at a single pH. In this way a characteristic curve 
for each test substance is obtained. 

2. The curve for a particular concentration of serum bears a definite 
relationship to the curve for salt solution (buffer) alone. TVTierever 
the titer in salt solution is high, very small amoimts of serum greatly 
diminish that titer. Wherever the titer in salt solution is low, small 
amoimts of serum leave the titer imchanged. Thus small additions 
of serum flatten the curves and make them more nearly horizontal. 
If further large amoimts of serum are added, a further reduction in 
titer takes place at aU reactions. 

3. The calcium of serum has only a very slight effect upon the 
soap titer. 

4. The protein of serum is probably inhibitory to soaps; but the 
curve for partially defatted serum, and the curves for other protein 
substances tested, do not nm parallel to the serum-soap curves. 

5. The various lipoids that are known to be present in serum are 
inhibitory to the action of soaps, both as emulsions and as dear 
solutions. 

6. The action of serum upon soaps may be regarded as a complex 
reaction, in which lipoids, protein, and, to a lesser extent, caldum 
salts take part. Their effect is due to the fact that these substances, 
by combining with the soaps, remove them from the field of genniddal 
action. 
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I. INTRODUCTION. 

This series of experiments is a continuation of the experimental 
work upon blood regeneration in rabbits. The purpose of the series 
was to gain further evidence of the nature of the action of the liver 
and spleen extracts upon blood regeneration in highly anemic animals 
as measured by means of heat production. 

The respiratory exchange of anemic animals has been investigated by several 
authors as is shown in the revievrs given by Meyer and Du Bois (1), and Tompkins, 
Erittingham and Drinker (2). With the exception of Bauer (3), most of the 
authors (4-b, 13) found the respiratory exchange within normal limits. Kraus, 
Chvostek and Bohland have reported metabolism values above or on the upper 
limit of normal. According to Grafe (11) and Ebeistadt (12) in posthemorrhagic 
conditions there is a difference in the respiratory exchange depending on the state 
of the bone marrow. Anemic animals with normal bone marrow have shown 
normal metabolism and anemic animals with exhausted bone marrow have shown 
diminished metabolism. From these experiments Grafe concluded that active 
blood formation increases metabolism. Distinctly increased metabolism was 
found by Lukjanow (7) and Hari (8). Hari reported a 12 per cent increase after 
large hemonhages in dogs. Two objections have been raised against these and 
similar experimental results: First that the animals were investigated too shortly 
after bleeding, and second, as pomted out by Flesh and Mohr (9), that the in- 
creased metabolism btsides indicating a possible effect on the activity of blood- 
forming organs, might also arise from a more rapid respiration and heart rate. 


‘ Formerly fellow. Division of Medical Education, the Rockefeller Foundation. 
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The results given Hiiri, Lukjanow and Grafe have been partially confirmed 
by the experiments of Tompkins, Brittingham and Drinker. The latter authors 
found that blood transfusion in anemic states caused a diminution of metabolism, 
diminution of pulse and respiratory activity, a drop in temperature if it had 
previously been elevated, a rise in the red count and hemoglobin content. The 
effects were not due to a decrease in muscular activity, because the lowering of 
metabolism began some days after the transfusion. Therefore, they conclude that 
in anemic animals in addition to tlie increase in metabolism due to increased 
respiratory movement and heart activity tlierc is evidently some type of stimu- 
lation of the body cells in general which increases metabolism. 

The r61e of this stimulating factor was a primary concern in our 
experiments. We have sought further evidence of the existence of 
some kind of a stimulating factor for blood cell formation in protein- 
free extracts of liver substance by making simultaneous respiratory 
exchange determinations in addition to tlie blood investigations during 
the recovery of anemic animals. 

In a second series of experiments the influence of a protein-free 
spleen extract (spleen Extract III, i prepared as well as the liver 
extract by Dr, Jobling of Columbia University) upon blood regenera- 
tion and respiratory exchange was studied. 

II. Method. 

The h'ghtly ether anesthetised animals were bled either by heart puncture or 
from the carotid artery. Six-tenths of the whole blood was taken when possible. 
The total volume of blood was computed as 5 per cent of the body weight. This 
computation, however, does not give the same value for the blood volume in lean 
and in fat animals. 

The extracts were freshly made by Dr. Jobling immediately before starting the 
experiments. A fresh 1 per cent solution was prepared each week from the dried 
extract. This was made up with sterile salt solution and kept in the ice box. 2 cc. 
of the solution (20 mg. dried substance) were given intraperitoneally to each animal 
on each Monday, Wednesday and Saturday. Measurements of the respiratory 
exchange were made each Tuesday and Friday. 

Blood examinations (blood coimts Hb. determination, reticulated cells, smears) 
were made before and after bleeding and once each week on the same day imtil 
complete recovery or death. A Leitz covmting chamber and Sahli’s hemoglo- 
binometer were used. 

At the end of the experiments the animals were sacrificed and the tissues ex- 
amined histologically. 

The respiratory exchange apparatus used was a modified Haldane. Each 
respiratory exchange measurement covered a 2 hour period. The animals were 
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spleen extract 
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(Normal) 
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TABLE II. 


RctkulalcA Cells. 



Rabbit No. 

Bclorc 

blcciiinc 

Ivfk. 

after 

blecdinc 

2 wks. 
after 
blecdinK 

3wk^. 

after 

bleeding 

Control animals (anemic) 

1 

ftreent 

1.0 

ter cent 

7.2 , 

ter cent 

9.6 

ter cent 

6.9 


2 

3.0 

3.2 

9.8 

3.9 


3 

1.4 

4.0 

16.0 

3.0 

Animals treated with liver c.rtract 

4 

1.4 

15.0 

10.0 

3.7 

(anemic) 

5 

1.7 

9.0 

3.0 

0.6 


6 

1.8 

11.2 

9.2 

0.4 

Animals treated with spleen ex- 


0.9 

3.7 

2.6 

3.5 

tract 


0.8 

3.5 

1.0 

4.0 

(Anemic) 


1.1 

3.0 

3.0 

4.0 

(Normal) 


1.7 


— 

1.2 


■■ 

0.9 

— 

— 

1.1 


TABLE III. 


Summary of the Respiratory Exchange Measurements. 



Avernge 

metabolism 

before 

bleeding 

Average 
metabolism dur- 
ing J St wk. 
alter bleeding 

Average 
metabolism dur- 
ing 2nd wk. 
after bleeding 

Average 
metabolism dur- 
ing 3rd wk. 
after bleeding 


Total 

calories 

in 

2hr3. 

Calo- 
rics per 

per hr. 

Total 

calories 

in 

2 brs. 

Calo- 
rics per 

perllr. 

Total 

calories 

in 

2 hrs. 

Calo- 
rics per 
kg. 

per hr. 

Total 

calorics 

in 

2 hrs. 

Calo- 
rics per 

pe'ilir. 

Group I 

Control anemic animals un- 

15.27 

3.06 

12.88 

2.64 

13.53 

2.71 

13.84 

2.71 

treated (3 cases) 

Group n 

Anemic animals treated with 

13.80 

2.54 

13.80 

2.68 


2.99 


2.85 

liver extract (3 cases) 

Group III 

Anemic animals treated with 

12.73 

2.73 

12.27 

2.67 

12.93 

2.73 


2.68 

spleen extract (3 cases) 
Group rV 

Normal animals treated with 

13.10 

2.25 

15.03* 

2.56 

15.67 


14.89 

2.51 

liver extract (2 cases) 

Group V 

Normal animals treated with 

12.41 

2.91 

12.39 

2.80 

13.13 

2.97 

11.53 

2.62 

spleen extract (2 cases) 










One animal pregnant. 
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fed for the last time 18 hours before the experiment. The standard diet (alfalfa 
hay, oats, with carrots or greens once a week) used in the laboratories of Monte- 
fiore Hospital was offered to the animals in equal amounts. 

III. Presenlaiion of Data. 

Respiratory exchange measurements have been made on 9 anemic 
and 4 normal animals. For convenience of description the experi- 

■Rad ceUb 

■Millions 1-wk. 2wka 3 whs. 
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Chart 1. 


ments have been grouped as follows; Group I comprises 3 anemic 
animals untreated and serving as controls; Group n includes 3 anemic 
animals treated with liver extract; Group m includes 3 anemic ani- 
mals treated with spleen extract; Group IV includes 2 normal animals 
treated with liver extract; and Group V includes 2 normal animals 
treated with spleen extract. 
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A general summaty of all the animals is given in Table III, in which 
the figures on heat production before bleeding represent the averages 
of 2 weeks readings while those after tlie bleedings represent the 
average weekly readings. The respiratory exchange measurements 
are also given in Charts 3 and 4. Chart 3 gives the data of the anemic 



Chart 2. 


animals and Chart 4 those of the normal animals. The number of 
red cells and color index of the anemic animals are given in Charts 
1 and 2. The quantitative and qualitative changes in the white blood 
elements are shown in Table I. The figures of the reticulated cells 
of the anemic animals are contained in Table II. 
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IV. DISCaSSION. 

A study of the respiratory exchange measurements of the five groups 
of experiments (see Table m) shows only slight differences in the 
total metabolism. There is a slight increase in the group of anemic 
animals treated with liver extract, while in those treated with spleen 
extract no notable change occiured. 

The blood pictures, hematological and histological findings in aU 
groups were approximately the same as those observed on a larger 
series of anemic rabbits, when we studied the question of blood re- 
generation under different conditions. 

The anemic animals treated with liver extract showed a more rapid 
numerical restoration of the red blood cells, more reticulated cells, a 
lower color index and more prominent lymphoid tissue throughout 
the body than did the controls or those treated with spleen extract. 

.The slight increase in heat production observed dining the period 
of blood regeneration in animals treated with liver extract coincides 
with and may be correlated with the hematological findings and sug- 
gests that liver extract exerts a stimulating effect on blood cell forma- 
tion (Fig. 1). As to the nature or mode of action of this liver extract 
nothing definite can be said. In this connection we may recall that 
Joannovics and Pick (14) in 1909 obtained an alcohol and acetone- 
soluble hemolytic substance from the liver of animals treated with 
toluylenediamine and we know from experiments of others as weU as 
from our own that the destruction products of the red cells do acceler- 
ate red blood cell formation. It may be possible too that in the liver 
extract a specific substance is present which stimulates blood cell 
regeneration. 

Anemic animals treated with spleen extract showed that the numeri- 
cal restoration of the red blood cells was not complete, while the heat 
production measurements indicated a possible slight decrease. Per- 
haps the spleen produces a substance inhibiting blood regeneration 
(see Chart 1 and Fig. 2), and in the meantime lowering the general 
metabolism (see Charts 3 and 4). 

Richet (18) published in 1912 a paper in which he stated that 
splenectomized dogs need more food to keep their body weight in 
balance than normal animals. It is said that after splenectomy there 
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is a hyperplasia of the thyroid gland. In cases of goiter, enlargement 
and fibrosis of the spleen is frequently seen. The possible antagonistic 
relation between the spleen and thyroid gland was first investigated by 
Asher and Streuli (19). They reported that after splenectomy, rats 
with intact thyroids are less resistant toward diminished partial pressure 
of oxygen than normal rats. After thyroidectomy, on the contrary, 
the rats became more resistant against asphyxia. After splenectomy 
in rats the basal metabolism of animals was found to be increased by 
Danoff (20), Asher and Hauri (21). Marine and Baumaim (22) foimd 
no significant change in rabbits. We produced some sort of a “h 3 q)er- 
splenia” with a protein-free spleen extract. We observed a fall in 
the basal metabolism both in normal and anemic animals treated with 
spleen extract. The blood cell regeneration was retarded also in these 
cases. 1 year after I finished my experiments M. and A. Leffkowitz 
(23) published their results, obtained with extracts from the spleen 
of anemic animals. This extract inhibited moderately red cell forma- 
tion. The temperature curves of the several groups of experiments 
remain normal throughout the period of observation. The thyroid 
glands were more vascular and histological examination showed them 
to be slightly hypertrophic. This was undoubtedly true in those 
animals treated with liver extract. Such evidence of increased func- 
tional activity of the thyroid has long been noted in anemias, both in 
man and animals, and was formerly used in support of the view that 
the thyroid was directly concerned with blood formation (Fig. 3). 

VI. STOQIARY AND CONCLUSION. 

1. Respiratory exchange measurements may be used for gaining 
further evidence concerning the body changes during anemia, and are 
complementary to the hematological and histological data. 

2. The heat production during anemia was slightly decreased. At 
the 3rd week it began to rise. 

3. A protein-free liver extract has accelerated blood regeneration 
and at the same time increased the respiratory exchange of anemic 
animals. 

4. A protein-free spleen extract has distinctly lowered the respira- 
tory' exchange of normal animals. The metabolism of anemic animals 
thus treated was practically the same as before bleeding and treatment. 
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The recoveiy of the spleen extract-treated animals was not complete 
during the period of observation. This extract may have been some- 
what toxic. In spite of tliis disturbing factor we are not inclined to 
accept the view of C. D. and E. W. Leake (15) and Thalliimer (16) 
that the spleen takes part in the stimulating effect upon blood regenera- 
tion when given in combination with red bone marrow by mouth. 
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EXPLANATION OF PLATE 30. 

Fig. 1. Bone marrow of Rabbit 5. Anemic animal treated with liver extract. 
4 weeks after bleeding. 

Fig. 2. Bone marrow of Rabbit 7. Anemic animal treated with spleen ex- 
tract. 4 weeks after bleeding. 

Fig. 3. Thyroid gland of Rabbit 5. Anemic animal treated with liver ex- 
tract. 4 weelcs after bleeding. . 
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VITAMIN A DEFICIENCY AND AIETAPLASIA. 

By HARRY GOLDBLATT, M.D., and JIARIA BENISCHEK, MJ). 

iJFTom the Department of Pathology, School of Medicine, Western Eesene 
University, Cleveland!) 

(Received for publication, July 12, 1927.) 

INTRODTJCTION. 

Mori (1) was the first to draw attention to the change which occurs 
in the lining epithelium of the larynx, trachea, and ducts of the Mei- 
bomian, submaxiUary, sublingual, and parotid glands of rats that have 
been fed a diet deficient in the fat-soluble vitamins. He referred 
to the change as keratinization, and, as in the case of xerophthalmia 
(2), attributed it to the drying of the epithelium (xerosis) due to the 
hypofunction of the glands whose secretion keeps these epithelial 
surfaces moist. The impaired activity of these glands he considered 
to be due to the pathological changes (atrophy and degeneration) 
induced in them by the vitamin deficiency. 

Wolbach and Howe (3, 4) recently confirmed the findings of Mori 
(1), examined many more organs and tissues than did Mori, and foimd 
the changes in some of them, as well as in some (pancreatic duct and 
renal pelvis) in which Mori had not found any. Wolbach and Howe 
referred to the change as a metaplasia of the cylindrical or cuboidal or 
transitional type of epithelium to the squamous keratinizing type, 
and attributed to the fat-soluble vitamin deficiency the direct specific 
cause of the metaplastic changes. They also found the other morpho- 
logical changes described by hlori in paraocular, submaxillary, and 
other serous and mucous glands, but did not consider that the lack of 
the secretions of these glands induced the metaplasia. 

The diets employed by Mori (1) and by Wolbach and Howe (4), 
although referred to by them as deficient in fat-soluble A, were actually 
deficient in vitamin A (antiophthalmic, growth-promoting), \dtamin 
C (antiscorbutic), and vitamin D (antirachitic), but this fact v,-as 
recognized by the authors. 
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Since it has been shown tiiat xcropiithalmia will develop as a result 
of a dietary deficiency of vitamin A alone, and since the diets em- 
ployed by Mori and by Wolbach and Howe were deficient in several 
vitamins, it seemed of interest to us to determine whether a single 
vitamin deficiency (vitamin A) could also induce the metaplasia and 
other changes in glandular organs, that have been described by these 
investigators, 

EXPERIIIENTS, 

The Animals. 

A total of 63 piebald black and white rats bred in this institution were used in 
this investigation. The sex, number of animals in every group, initial, maximal, 
and final weights, and length of time on the special diets are given in Tables I to 
III. Llost of the rats were from 28 to 35 days old at the beginning of the experi- 
mental period. The animals were kept in individual wire mesh cages in a well 
ventilated room protected from direct sunlight. Representatives from every fitter 
were put into three groups. Group I received a diet deficient in vitamins A and 
D (Diet — A— D), but complete in all other respects; Group II received a diet 
deficient in vitamin A alone (Diet —A); and Group III received a diet complete 
in every respect (Diet -}-C, L. 0.). 

The Diets. 

Group I , — (Diet — A— D.) This diet is deficient only in vitamins A and D, 
and consists of the following: 


Inactivated* technical casein (Merck) 20 gm. 

Corn-starch 50 gm. 

Cottonseed oil 15 gm. 

Salt mixture, McColJum No. 1S5 (6) 5 gm, 

Vegex (Marmite) (for vitamin B) 5 gm, 

Decitrated lemon juice (for vitamin C) 5 cc. 

Distilled water 50 cc. 


*■ By heating and aeration (Goldblatt and Moritz (5) ). 

Group II . — (Diet —A.) This diet is deficient only in vitamin A. The in- 
gredients of the diet are exactly the same as those of Group I, but in order to supply 
the antirachitic factor, the cottonseed oil was irradiated by a mercury vapor quartz 
lamp in a manner described before (Goldblatt and Moritz (7) ). 

Group III — (Diet -|-C. L. O.) The diet is the same as that of Group I, but in 
order to suppb'^ the missing vitamins A and D, and to make the diet complete in 
every respect, 7 drops (about 150 mg.) of cod liver oil (Harris) were administered 
daily by mouth to every rat in this group. 
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The rats of Groups 1 and II ate from 10 to 20 gm. dafly in the beginning, and 
from 7 to 15 gm. later, while those in Group III ate from 15 to 25 gm. daily through- 
out the experimental jjeriod. The animak were sacrificed after they had been on 
these diets for varying jieriods. (See Tables I to m.) 

Autopsy Findings. 

The only gross morbid changes seen were occasional lobular pneu- 
monia in the three groups, abscesses in the base of the tongue in 
practically every rat of Groups I and II in which this organ was ex- 
amined, xerophthalmia in some of the rats of Groups I and II, an 
occasional abscess in the submaxillary gland in Groups I and II, and 
in a few instances, in Groups I and 11, dilated ureters or dilated 
external bile ducts. 

The tongue abscesses are of special interest. They have been 
described by Sherman and Munsell (8) who found them in 76 per 
cent of their rats on a diet deficient in the fat-soluble organic 
factor. Wolbach and Howe do not speak of abscess, but of cysts, 
and they say that: “Infection complicates the picture as it causes 
complete destruction of the epithelium lining cysts and repair by 
granulation tissue accompanied by foreign body reactions to the 
retained keratinized cells.” The abscesses are probably painful 
and, more than the loss of sense of smeU, mentioned by Wolbach 
and Howe, may explain, at least in part, the suddenness with 
which many of the rats cease to eat and in consequence lose much 
weight. Smears were made of the pus from these abscesses; organ- 
isms were always found, and practically always they were a mixture of 
Gram-positive diplococci and Gram-negative bacilli, some free, others 
inside pus cells. Occasionally, the only organisms were Gram-positive 
diplococci. Cultures in broth and on solid media showed the same 
organisms, but they have not yet been definitely identified. In no 
instance were abscises of the tongue or submaxillary glands found 
in the rats of Group III (-f C. L. O-). 

Histological Findings. 

Tlie tissues were either fixed in Zenker’s fluid and stained with eosin 
and methylene blue, or fixed in formalin and stained with hematox\-lin 
and cosin. In many instances half of an organ was treated bv'one 
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and the remainder by llic other method. Both were very satisfactory 
for the recognition of metaplastic changes. Sections were made at 
various levels of an organ. Ilie stomach was not investigated his- 
tologically. ICeratinizalion of the cornea and conjunctiva alone was 
not considered a positive result. 

In the case of about two-thirds of the rats of every group all the 
organs investigated by Wolbach and Howe were examined histologi- 
cally, but in the remainder, only nasal passages, larynx, trachea, 
bronclii, lungs, and tongue were investigated microscopically. For 
our purpose this was deemed sufficient because, in those rats of Groups 
I and II in which all organs were examined, no metaplastic changes 
were seen in any other organ when there were none in the accessory 
salivary glands of the tongue and in the respiratory tract. Wolbach 
and Howe also state that the changes practically always appear first 
in the respiratory tract. Besides, in no rat of Group III (normal diet) 
was squamous keratinizing epithelium found in an abnormal situation 
(see Table HI). Since w'e w'ere using metaplasia as a morphological 
indicator, and since a positive finding in a single organ was adequate 
for our purpose, the results still further justify the procedure because 
the metaplastic changes were found in some part of the respiratory 
tract and in the accessory salivary glands of the base of the tongue in 
practically all the rats in Groups I and II (see Tables I and II) . Similar 
changes were found in fewer instances in the ducts of paraocular, sub- 
maxillary, sublingual, and parotid glands, and in renal pelvis, ureter, 
and bladder. The manifestations were similar to those described by 
Mori and by Wolbach and Howe; they varied from small isolated 
nests to complete transformation of the epithelium in the sections 
examined, and appeared with or without accompanying inflammation. 
When inflammation was present, the metaplastic changes were usually 
more severe. Even in the case of the accessory salivary glands of the 
base of the tongue, often, in the one organ, there were large cysts 
lined completely, or in part, by squamous epithelium, filled with ke- 
ratohyaline material, and without any signs of inflammation, while in 
another portion there was a large abscess lined partly, sometimes 
completely, by squamous keratinizing epithelium. It would appear 
therefore, that the inflammatory process occurs coincident with or 
subsequent to the metaplasia, and is not responsible for the initiation 
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of the changes. This is also the view of Mori and of Wolbach and 
Howe. Atrophy and degeneration of the epithelium of the testicular 
tuhules and of the acini of the salivary and paraocular glands were a 
common finding in Groups I and II, but did not occur in Group iii. 
This agrees with the findings of Mori and of Wolbach and Howe. 


T.ABLE I. 

Group I {Diet —A —D). 


Nam- 

berof 

rat 

Sci 

Days 

Weight 


hletaplasia 

Remarks 

diet ] 

[ziUial 

Maxi- 

mal 

Final 

1 

M. 

137 

trrr. 

52 

gm. 

174 

gm. 

149 

Absent 

Bronchopneumonia 

2 

M. 

133 

45 

167 

149 

Present 

Xerophthalmia 

3 

M. 

140 

45 

162 

142 

Present 

Xerophthalmia 

4 

M. 

115 

50 

147 

125 

Present 

Dilated ureters and bile ducts; 

5 

M. 

95 

57 

108 

94 

Absent 

xerophthalmia 

Xerophthalmia 

6 

M. 

95 

44 

120 

101 

Present 

Bronchopneumonia 

7 

M. 

95 

46 

70 

63 

Present 

Xerophthalnua; bronchopneumonia 

8 

M. 

88 

47 

98 

92 

Present 

— 

9 

M. 

79 

38 

83 

73 

Present 

— : 

10 

M. 

98 

60 

195 

188 

Present 

Abscess of tongue 

11 

M. 

70 

55 

136 

110 

Present 

Abscess of tongue 

12 

M. 

72 

45 

151 

130 

Present 

Xerophthalmia; abscess of tongue 

13 

M. 

77 

40 

142 

115 1 

Present 

Abscess of tongue and submaxillatj- 

14 

M. 

70 

43 

155 

121 

Present 

glands 

Xerophthalmia; abscess of tongue 

15 

M. 

83 

55 

110 

95 

Present 

Abscess of tongue 

16 

F. 

95 

46 1 

98 

95 

Present 



17 

F. 

95 

51 ' 

84 

SO 

Present 



18 

F. 

95 

46 

90 

75 

Present 

Bronchopneumonia 

19 

F. 

89 

40 

82 

65 

Present 


20 

F. 

90 

38 

79 

73 

Present 


21 

F. 

85 

36 

66 

56 

Present 

Bronchopncximonia 

22 

F. 

98 

47 

137 

135 

Absent 


23 

F. 

98 

51 

147 

145 

Present 

Xerophthalmia; abscess of tongue 

24 

F. 

70 

45 

121 

100 

Present 

Xerophthalmia; abscess of tongue 

25 

F. 

70 

35 

113 

100 

Present 

Abscess of tongue 

26 

F. 

84 

35 

117 

73 

Present 

Xerophthalmia 
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TABLE II. 

Group II (Diet —A). 


Num- 
ber of 
rat 


Dayg 


Weight 


Metapktia 

Remarks 


diet 

Initial 

Maxi- 

mal 

Final 

27 

M. 

101 

in. 

44 

Xm. 

166 

xm. 

120 

Present 

Xerophthalmia; abscess of subma.^]- 

28 


95 

53 

187 

187 

Present 

lary glands 

29 


74 

51 

125 

88 

Present 

Enteritis 

30 

M. 

116 

61 

153 

132 

Present 

— 

31 

M. 

78 

55 

166 

125 

Present 

Abscess of tongue 

32 

M. 

91 

35 

181 

150 

Present 

Abscess of tongue 

33 

M. 

98 

40 

188 

148 

Present 

Abscess of tongue 

34 

M. 

63 

42 


113 

Present 

Abscess of tongue 

35 

M. 

71 

42 

148 

112 

Present 

Abscess of tongue 

36 

M. 

56 

55 

120 

102 

Present 

Xerophthalmia; abscess of tongue 

37 

F, 

74 

47 


123 

Present 

Xcrophtlialmia; bronchopneumonia 

38 

19 

95 

52 

BB»i 

148 

Absent 

Xerophthalmia 

39 

la 

98 

50 

144 

141 

Present 

Dilated ureters 

40 

F. 

94 

55 


135 

Present 

Abscess of tongue 

41 

F. 

78 

48 


97 

Present 

Abscess of tongue 

42 

F. 

78 

45 

128 , 

91 

Present 

Abscess of tongue 

43 

F. 

91 

33 


97 

Present 

Abscess of tongue and submaxillao’ 

44 

F. 

98 

38 

145 

110 

Present 

glands 

Abscess of tongue; xerophthalmia 
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TABLE m. 


Group III (Diet +C. L. 0.). 



Sei 



Weight 


Metaplaala 


of rat 

diet 

Isitul 

Maxi- 

mal 

Final 


45 

M. 

144 

tn. 

52 

gm. 

240 

gm, 

208 

Absent 

Bronchopneumonia 

46 

M. 

137 

44 

233 

228 

Absent 

— 

47 

M. 

95 

48 

228 

170 

Absent 

— 

48 

M. 

95 

38 

216 

216 

Absent 

— 

49 

M, 

95 

40 

253 

253 

Absent 

— 

50 

M. 

77 

39 

258 

258 

Absent 

— 

51 

M. 

77 

37 

241 

241 

Absent 

— 

52 

M. 

77 

37 

212 

212 

Absent 

— 

53 

M. 

56 

SO 

168 

168 

Absent 

— 

54* 

M. 

77 + 11 

45 

250 

146 

Absent 

— 

55* 

M. 

56 + 16 

43 

222 

124 

Absent 

— 

56* 

M. 

77+9 

45 

240 

147 

Absent 

— 

57* 

F, 

56 + 16 

40 

150 

94 

Absent 

— 

58* 

F. 

77 + 11 

45 

280 

166 

Absent 

— 

59* 

F. 

77+9 

40 

150 

96 

Absent 

— 

60 

F. 

95 

45 

191 

191 

Absent 

— 

61 

F. 

95 

42 

174 

174 

Absent 

— 

62 

F. 

95 

42 

160 

160 

Absent 

Bronchopneumonia 

63 

F. 

77 

35 

170 

170 

Absent 

— 


• These rats were on diet (+C. L. O.) for the first period indicated in the column 
headed “Days on diet” and were deprived of all food except a mixture containing 
vitamms A, B, C, and D for the second period indicated in the same column. 


TABLE IV. 


Group I (Diet — A — D)... 

Group n (Diet —A) 

Group rn (Diet +C.L.O.) 


Xumber of rats 
in group 

Xurnber of rati 
showing epithelial 
metapWia 

26 

23 

18 

17 

19 

0 
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Special Note. 

Since, as is usual, many of thcratson — Aand — A— D diets ate but 
little during the last week or two of their lives and often lost much 
weight, it was conceivable that the lack of food in itself might play 
some part in initiating the metaplasia. An experiment was therefore 
performed to test the effect of deprivation of food. Included in 
Group III (Diet + C. L. 0.) are six rats (Nos. 54, 55, 56, 57, 58, and 
59) which had been receiving Diet -fC. L. 0. for from 56 to 77 days 
and after that were deprived of food but were given an adequate 
amount of water and of vitamins A, B, C, and D in the form of a mix- 
ture of cod liver oil (about 150 mg.), Marmite (0.5 gm.), and deci- 
trated lemon juice (0.5 cc.), which was administered daily by mouth. 
In no instance were metaplastic changes seen in any of the organs of 
these six rats, but atrophy of most tissues, even of the lining epithelium 
of the trachea and bronchi, was in most instances very great. Ab- 
scess of the tongue did not occur in these rats. 

SUMMARY. 

Of nineteen rats on a complete diet (Group III, Diet -f C. L. 0.), 
none showed foci of squamous keratinizing epithelium in abnormal 
situations. 

Of twenty-six rats on a diet deficient in vitamins A and D (Group I, 
Diet — A— D), twenty- three showed metaplastic changes of varying 
degree in one or more organs; the metaplasia was of columnar, cu- 
boidal, and transitional epithelium to tlie squamous keratinizing tjqje. 

Of eighteen rats on a diet deficient in vitamin A alone (Group II, 
Diet —A), seventeen showed epithelial metaplasia similar to that of 
Group I in one or more organs. 

In Groups I (Diet —A — D) and II (Diet —A) the dianges occurred 
in one or more of the following organs; trachea, large bronchi, small 
bronchi or bronchioles in lung, posterior nares, accessory salivary 
glands of base of tongue, paraocular, submaxillary, sublingual, and 
parotid glands, renal pelvis, ureter, and bladder. The metaplastic 
changes were as extensive in the rats of Group II on a diet deficient in 
vitamin A alone as in those of Group I which received a diet deficient 
in vitamins A and D. 
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CONCXTJSION. 

1. A dietary deficiency of vitamin A alone is adequate to induce 
metaplasia of columnar, cuboidal, and transitional epitlielia to the 
squamous, keratinizing type in some organs. 

2. Epithelial metaplasia to the squamous keratinizing type is of such 
frequency in young rats kept on a diet deficient in vitamin A for a long 
period of time (10 weeks or longer) as to constitute a good morphologi- 
cal indicator of the deficiency of this vitamin in the diet. 

3. The metaplastic changes are as frequent and as great in rats on a 
diet deficient in vitamin A alone as in those on a diet deficient in 
vitamins A and D. 

4. Inadequate food, provided the vitamins are supplied, does not 
induce the metaplasia. 
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THE OXYGEN CONTENT OF THE VENOUS BLOOD OF THE 
DOG AFTER UPPER GASTROINTESTINAL TRACT 
OBSTRUCTION. 


By RUSSELL L. HADEN, M.D., Airo THOMAS G. ORR, M.D. 

(From Iht University of Kansas ScJtool of Medicine, Kansas City, Kansas.) 

(Received for publication, July 14, 1927.) 

The color of the venous blood of the dog after gastrointestinal 
tract obstruction is a good index of the degree of toxemia. With 
the characteristic rise in non-protein nitrogen the blood becomes in- 
creasingly darker in color. Cyanosis has also been recognized as one 
of the cardinal clinical signs of such toxemia in man. The change of 
color is due to the presence of an increased amount of reduced hemo- 
globin. To measure this change, determinations of the oxygen con- 
tent and oxygen capacity of the venous blood of the dog have been 
made after experimental obstruction at different levels. 

Method. 

All operations were done under ether anesthesia with aseptic technique. 
Obstruction of the cardia and pylorus was accomplished by ligating with heavy 
tape. The intestine was obstructed by section of the upper end of the jejunum 
and inversion of the cut ends. 

Blood for chemical analysis was withdrawn from the Jugular vein. Specimens 
for the determination of oxygen content were collected under oil. The total 
oxygen capacity was determined on venous blood after thorough shaking with 
air. The oxygen saturation of arterial blood was determined on samples collected 
under oil from the femoral artery'. All oxygen determinations were made by- 
Van Slyke’s technique (1). The non-protein nitrogen was determined by the 
method of Folin and Wu (2), and the chlorides on the tungstic acid filtrate after 
the method suggested by Gettler (3). 

EXPERIMENTAL OBSERVATIONS. 

After obstruction of the cardiac end of the stomach there is a 
rapid and marked fall in the oxygen content of the venous blood 
(Table I). Thus the oxj-gen saturation of the blood of Dog 2 before 
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operation was 54 per cent and on tlic 3rd day after obstruction was 
only 3 per cent, TJie findings after pyloric obstruction (Table H) 
are equally marked. There is also a decrease in oxygen saturation 
after intestinal obstruction alUiough tliis is not so striking as with 
obstruction at higherjevels. 


TABLE I. 


Oxygen Saturation of Venous Blood after Cardiac Obstruction. 


1 

i 

Do^No. j 

1 

Da}- after 

Blood 

Remarks 

Hema- 
tocrit 
reading 
(per cent 
of cells) 

Otygen 
saturation 
of venous 
blood 

ChlorWcs 

Non-pro- 

tcin 

nitrogen 



percent 

per cent 

mg. 

mt. 


1 

0 


56 


36.1 



1 


9 


41.6 



2 i 

1 

14 

395 

S9.8 

Oi saturation of arterial blood, 







95 per cent 

2 

0 , 

49 , 

54 , 

430 

47.6 



1 

50 

26 i 

460 

46.0 I 



2 

51 i 

46 

430 

65.5 



3 

54 

3 

460 , 

101.0 1 



I 

3 

35 

1 56 

600 


' Immediately after receiving 


4 

42 

t 35 

590 

107.0 

50 cc. 10 per cent NaCJ 

3 


51 

57 

460 

44.4 



t 1 

55 

i 33 

410 

60.0 



2 

60 

30 

390 

45.6 



3 

54 

33 

370 

54.5 



! 4 

52 

41 

360 

118.0 



.5 

52 

7 

350 

183.0 


4 


54 

53 

450 

25.9 



1 

62 

50 

380 

81 .0 



2 

60 

19 

370 

114.0 

Or saturation of arterial blood, 







93 per cent 


DISCUSSION. 

The average oxygen saturation of the venous blood of 12 dogs 
before operation was 60.8 per cent and only 16.8 per cent at the end 
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of the experiment. This marked decrease in oxygen sataration 
must be due to incomplete oxidation in the lungs or to an increased 
reduction of normally saturated hemoglobin in the capillaries. The 
oxygen content of the arterial blood was determined a number of 

TABLE II. 


Oxygen Saliiraiion of Venous Blood after Pyloric Obstruction. 




Blood 


Dog Ko. 

Day after 
operation 

Hema- 
tocrit 
reading 
(per cent 
a cells) 

Oxygen 
saturation 
of venous 
blood 

Chlorides 

Kon-pro- 

tein 

nitrogen 

Reirarbs 



percent 

Percent 

ms. 

Ttt. 


5 

0 

55 

50 

475 

40.0 



1 

60 

14 

440 

71.3 



2 

53 

5 

390 

198.0 


6 

0 

45 

63 

450 

28.0 



1 

58 

21 

430 

63.5 



2 


9 

410 

133.0 

Obstruction released 


3 

48 

22 

390 

205 0 



4 

42 

17 

390 

147.0 



S 


26 

380 



7 

0 

48 

46 

450 

36.1 



1 

53 

8 

440 

27.0 

Oj saturation arterial blood. 


2 

1 

54 

37 

410 

48.7 

100 per cent 


3 

61 

22 

340 

167.0 

! 


8 

0 

S3 

88 

460 

46.9 

0; saturation arterial blood. 


1 

57 

16 

400 

40.0 

95 per cent 


2 

60 

50 

340 

60.5 

Oj saturation arterial blood. 


3 

52 

10 

280 


99 per cent 

Or saturation arterial blood. 







88 per cent 


times when the oxygen content of the venous blood was very low and 
found always within normal limits, showing there is no disturbance 
of oxidation in the lungs. 

The increased deoxidaUon in the capiUaries may be due to a slower 
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flow than normal. Such occurs after exercise if not compensated for 
by an increased rate of flow or in heart disease after decompensation 
(4). After upper gastrointestinal tract obstruction the viscosity of 
the blood is much increased (5), tending to slow the flow. Dehydra- 
tion may also be a factor although the relative cell mass is little 


TABLE III. 


Oxygen Saturation of Venous Blood after Intestinal Obstruction. 




Blood 

nog No. 

Day after 
operation 

Hematocrit 

reading 

(per cent of cells) 

Oxygen 
Mturation of 
venous blood 

(Bilorides 

Non-prote!n 

nitrogen 



ptTctni 


nt. 

ms- 

9 


44 


460 

26.5 


1 ! 

51 


460 

33.0 


2 

54 


390 

116.0 

10 

1 

46 

71 

430 



2 

47 

36 

390 

25.7 


3 

49 

30 

300 

31.9 


4 

46 

27 

250 

65.0 

11 

1 

57 

84 

440 

34.5 


3 

60 

62 

350 

41.4 


4 

58 

49 

320 

63.0 


5 

58 

61 

300 

122.0 


6 

S3 

62 

270 

105.0 


S 

55 

60 

235 

126.0 


10 

55 

50 

200 

179.0 


12 

53 

23 

190 

234.0 


13 

53 

11 

170 

263.0 

12 

1 

51 

66 

450 

46.8 


2 

65 

32 

360 

86.3 


changed as shown by hematocrit readings. Keith (6) studied the 
oxygen saturation of the venous blood after experimental dehydration 
and found no marked decrease even with a very great increase in 
viscosity. The rate of flow through the capillary bed is much 
slowed also in shock. 

It seems probable that each of the factors enumerated may play 
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a part in the decreased oxygen saturation. It is also possible that 
there may be present in the blood stream and body tissues active 
reducing bodies which are wholly or in part responsible for the 
greatly increased deoxidation. Thunberg (7) has demonstrated such 
reducing bodies in other conditions by their action on methylene 
blue. These, he thinks, are intermediate products of metabolism. 
In upper gastrointestinal tract obstruction there is much evidence to 
suggest the view that such reducing bodies are present. This evi- 
dence will be discussed fully in a later paper. 

SUIQIARY AND CONCLUSIONS. 

There is a rapid fall in the oxygen content of the venous blood of 
the dog after upper gastrointestinal tract obstruction. This in- 
creased deoxidation is probably due to a combination of several 
factors. 

There is much evidence to suggest that active reducing bodies are 
present in the blood. 
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AN EXPERIMENTAL STUDY OF DIATHERMY. 

IV. Evidence eor the Penetration of High Frequency Currents 

THROUGH THE LIVING BODY. 

By RONALD V. CHRISTIE, M.B., Ch.B., asd CARL A. L. BINGER, iI.D. 

(Prom the Bospital of The Rockefeller InsUiute for Medical Research.) 

(Received for publication, July 22, 1927.) 

INTRODUCTION. 

We have previously intimated that many of the statements which 
are to be found in the clinical, and more particularly in the commercial, 
literature, concerning the passage of high frequency currents through 
the animal body, are fallacious. The source of these fallacies appears 
to us to depend first upon certain misconceptions regarding the nature 
of the currents, and secondly upon arguments from analogy derived 
from experiments done on artificial systems. There is c priori no 
objection to this type of experiment. Indeed the in vitro experiment 
offers many advantages over the complicated conditions prevailing 
in the cadaver or the living animal body. Yet, as we have said before, 
the assumption that the intact animal will behave in the same manner 
as a sausage or a piece of meat is obviously unsoxmd and must lead to 
confusion and error. 

The transportation of alternating currents of high frequency and 
the laws governing the transfer are essentially the same as in the case 
of low frequency alternating currents or continuous cmrents. Many 
of these laws must, however, be modified in order to apply to those 
conditions peculiar to the rapidly oscillating cycles of the diathermy 
current. It is not intended to enumerate all the various influences 
which render the modifications necessary, although a knowledge of 
them is essential to predict the course which the current will follow 
in passing between two electrodes. Knowledge of the laws has led 
to the discover}' and utilization of high frequency currents in wireless 
telegraphy and telephony. An immense amount of expert labor has 
been expended on this subject. It is futile, therefore, for electro- 
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therapeutists to draw sweeping conclusions from haphazard in vitro 
experiments. 

Three questions which have mainly concerned those interested 
in the study of high frequency currents in relation to diathermy are: 
(1) Does the current take the shortest path between electrodes rather 
than the path of least resistance? (2) Is heat production greatest at 
a point midway between electrodes? (3) Does tlie so called “skin 
effect” determine tlie path of the current in its passage between elec- 
trodes? These questions will be considered in this paper. 

The statement is frequently encountered that heat is generated 
first in the interior of the body between tlie two electrodes, then at 
the surface. If the electrodes are of equal shape and area, the hottest 
point is said to be midway between them; if unequal, the hottest point 
will be nearer the smaller of the two. By varying the relative areas 
of electrode surfaces it is held that the localization and depth of heat 
can be controlled more or less accurately. Such statements are based 
on demonstrations made on the cooking of meat or the coagulation of 
egg white. They seldom, if ever, take into account the fact that the 
surfaces of these media will, of course, cool more rapidly than their 
centers, and that, though surface cooling may be true of artificial 
systems, it need not necessarily hold for the living body. Indeed, it 
can be categorically stated that it is not true for the living body and 
that heating with diathermy occurs from without inward. There is, as 
will be presently shown, a definite heat gradient from subcutaneous 
tissue to lung. The skin, of course, ’will cool more rapidly than the 
subcutaneous tissues. 

Even in an artificial system Bettman and Crohn (^) have sho'nm that coaguLv 
tion of egg albumin “occurred first near each electrode, then spread toward the 
center in gradually enlarging arcs approaching each other” and finally meeting 
in the center to include all the medium between the two electrodes. They 
state that “this experiment was repeated innumerable times witli variations in 
the amount of current and the size of the electrodes, as well as the speed in which 
the current increased, with identical results. It was found that it did not make 
any diflierence whatever how quickly or slowly the amount of current was in- 
creased. This is in contradiction to numerous assertions that, in order to get so 
called central heating, the current must be increased slowly.” They were “never 
able to obtain a coagulation of the albumin first in the center.” 
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, It seems apparent that the localization of maximum heat in any 
'''^medium -will be determined by several quite independent conditions. 
In any attempt to generalize or predict about heat production all of 
these must be borne in min d and appropriate weight given to each. 
First must be considered the specific resistances of the conductor which 
in, a hetero;jeneous medium will, of course, be variable. Secondly, 
we'must know the path of the current through this conductor, whether 
in straight, converging, or diverging lines. And, thirdly, we must not 
neglect the problem of cooling, which will occur at different rates in 
different parts of the medium and will thus variously influence the 
-elevation of temperafre. 

In spite of the fact that we believe that experiments with artificial 
systems may be misleading, especially if imcritically applied to the 
living body, we have performed several such experiments simply for 
the purpose of exemplifying some of the fundamental principles which 
govern the passage of high frequency alternating currents. 

EXPEEnUENTAL. 

Pari I. Experiments on Non-Living Material. 

* < 

/. Dpes the Current Take the Shortest Path or the Path of Least 

Resistance? 

Experimenl I . — A basin -was Slled with an ii/20 solution of NaCl. An arch 
made by bending a strip of lead tin 20.5 cm. long by 8 cm. -svide was placed in the 
dish in such a manner that the parallel arms of the arch were immersed in the 
solution while the bent portion projected above the surface of the liquid. The 
parallel arms were then converted into electrodes by soldering to each a short 
length of copper wire which was connected to the leads of the diathermy machine. 

Dining the passage of the current between the electrodes the rise in temperature 
of the salt solution was measured. The lead-tin arch was then cut and the tem- 
perature rise in the salt solution again measured. It was found that the salt 
solution heated over 30 times as fast when the metal arch was divided as when it 
was intact. This shows that the current -flow had been through the metal arch 
or in other words, through the longer and less resistant path. Fig. 1 shows in 
diagram, the essential features of this e.vpcriment, and Table I the temperature 
cliangcs observed. 

Expert, ncr.t 2.— An experiment with a similar object to the one just described 
was done by placing an agar block of relatively high ohmic resistance in a reservoir 
of m/20 salme and passing a current between electrodes immersed in the saline 
Fig. 2 shows the experimental arrangement. Temperature readings were madt 
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by thermocouples imbedded in tlic .agar block and immersed in the salt solution 
in the positions indicated in the diagram. It w.is found that the saline heated up 
at a slightly higher rate tlian tlic agar. Were the current p.assing through the agar 
block, one would c-x^pect tlic reverse effect because the agar h.as a higher resistance 
tlian the saline. Wc can conclude, therefore, that most of the current was passing 



Fig. 1. Diagrammatic representation of Experiment 1. a and b indicate the 
position of the tliermometcrs immersed in the salt solution. Temperature read- 
ings are shown in Columns a and b of Table I. 


TABLE I. 

Temperature Changes Recorded in Experiment I. 

(a) and (b) refer to tlie thermometers, the positions of which are shown in Fig. !• 


Position of Ihcrraomeler 

(0) 

(6) 

Temperature elevation before cutting (current passed for 30 
min.) 

'C. 

.09 

‘ 2.35 

•c. 

.06 

2.33 

Temperature elevation after cutting (current passed for 25 



TABLE II. 

Temperature Changes Recorded hi Experiment 2. 


Position nt which temperature 
was taken 

Thermo- 

couple 

1 

Thermo- 

couple 

2 

Thermo- 

couple 

3 

Thermo- i 
couple j 

4 

Ther- 

mometer 

S 

Ther- 

mometer 

6 

Room 

temper- 

ature 


°C. 

»c. 

'C. 

'C. 

"C. 

“C. 

•c. 

Before passage of current .... 

18.92 

19.07 

19.00 

19.18 

19.00 

19.00 

21.2 

After passage of current 

20.58 

20.97 

21.43 

21.80 j 

21.98 

21.92 

22.4 


along the longer path and the one of lower resistance. In the control experiments 
(Nos. 3 and 4) we found that application of the electrodes directly to the agar 
caused it to heat, and indeed melt, showing that it could be warmed by the passage 
of a current through it. The changes in temperature recorded are presented in 
Table n. 
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On the basis of observations made in these two experiments we 
conclude that in both metallic and electrolytic conductors the high 
frequency current will traverse the path of least resistance rather than 
the shortest path between electrodes. In making this generalization 
it must be remembered that there are forms of resistance pecuhar to 
this type of current. Thus, owing to self-induction, even a thick 
copper wire has a high impedance to high frequency currents, and the 
observation that the current will pass through a short length of 



Fig. 2. Dkgrammatic representation of Experiment 2. Shaded drde indicates 
the position of the agar block; 1, 2, 3, 4, 5, 6, the location of the thermocouples. 
Temperature readings are presented in Table If. 

Dimensions of elec- 
trodes 9 cm. X 5 cm. Volume of agar block 1600 cc. 

Distance between elec- 
trodes 19 cm. Depth of agar block 6 cm. 

Volume of saline 2000 cc. Diameter of agar block 14 cm. 

Depth of saline 6 cm. Strength of current 700 ma. 

Diameter of reservoir 25 cm. Duration of current 1 hr., 43 min. 

Position of thermocouples is indicated in Fig. 2 by the numbers 1 to 6. 

sausage, rather than a long length of copper wire, is not, therefore, 
germane to the point under discussion. 

II. Docs Healing Occur First at the Center and Then at the Periphery? 

We have already enumerated the various conditions which may 
influence the localization of heat, and we have found it necessary to 
consider not only specific resistance, but heat loss, also current con- 
centration or the distribution of the lines of flow. The observations 
of Bcttman and Crohn referred to above showed that in passing a 
current through an egg-agar medium coagulation occurred first at the 
site of the greatest current density, which, when the electrodes were 
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parallel, was always at the pcrlpheiy- or in that portion of the medium 
immediately approximating the electrodes. 

Our experiments gave similar results. We chose for our medium 
a 2 per cent agar in distilled water. This could be molded into 
suitable forms. It offered sufficient resistance to develop heat, was 
a poor conductor of heat, and would cool more rapidly from its 
surface than its center. Did central heating actually occur before 
peripheral, wm were dealing with an almost ideal medium on which 
to demonstrate it. 

Experiment 3 . — A cylinder was made of 2 per cent agar in distilled water. It 
measured 16 cm. long by 10 cm. w’idc. A circular lead-tin electrode 7.5 cm. in 


TABLE III. 

Temperature Changes Recorded in Experiment 3. 


rosition of thermocouple. 
Distance in cm. from center 


2.5 

0 

2.5 



”C. 

’C. 

-c. 

’C. 

BqB 

Before passage of current 

21.89 

21.96 

22.02 

21.96 


After passage of current 

25.87 

24. SS 

24.61 

24.83 

KiBIfl 


Agar used, 2 per cent in distilled water. 

Diameter of agar, 10 cm. 

Diameter of electrodes, 7.5 cm. 

Distance between electrodes, 16 cm. 

Duration of passage of current, 5 minutes. 

Strength of current, 1000 milliamperes. 

diameter was fastened firmly to each end of the agar cylinder. A current of 1000 
milliamperes was then allowed to pass between the electrodes for 5 minutes. 
Thermocouples were imbedded to an equal distance in the substance of the agar 
cylinder; one at its center and four others disposed equidistantlj”^ from the center 
toward the two ends. Before the current was timaed on the temperature at the 
center was 22.02°C. at the points 2.5 cm. from the center 21.96°C,, and at the ends 
2i.89°C. and 21.83°C., respectively. The agar cylmder was obviously cooling 
more at the ends than at the center. The thermocouples were then removed and 
reinserted immediately after the current was turned off. After 5 minutes of 
current flow the temperature at the center had risen 2.59°C., at the points half way 
between the center and the ends 2.90°C., and at the ends adjoining the electrodes 
4.01®C. The actual temperature readings are given in Table III. 

The conclusion to be drawn from this experiment is that in a homo- 
geneous medium heating occurs first in those portions of the system 
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adjoining the electrodes. This was true here in spite of the fact that 
the ends of the cj^linder were cooling more quickly than the center. 
Since the resistance of the cylinder was no greater at the ends than 
at the center the increased heating at the ends can only be ascribed 
to a concentration of current near the electrodes and to divergent 
lines of flow as it traversed the agar cylinder. The truth of this may 
be seen from the next experiment in which the lines of current flow 
were concentrated at the center, where maximal heating occurred. 

Experiment 4 . — ^The same agar cylinder as described in Experiment 3 was used 
here but it was altered by thinning its central diameter so that it finally repre- 
sented two cylindrical blocks of agar 10 cm. in diameter connected by an isthmus 


TABLE TV. 

Temperature Changes Recorded in Experiment 4. 


Position of thermocoople. Distance In cm. from center 

s.o 

0 

S.o 

Before passage of nirrent 

'C. 

22.39 

28.99 

•c. 

21.57 

67.35 

'C. 

21.06 

30.53 

Alter passage of current 



Agar used, 2 per cent in distilled water. 

Diameter of agar near electrode, 10 cm. 

Diameter of agar at center, 2 cm. (approximately). 

Diameter of electrode, 7.5 cm. 

Distance between electrodes, 16 cm. 

Duration of passage of current, 10 minutes. 

Strength of cmxent, 400 milliamperes. 

only 2 cm. in diameter. Passage of a cnirrent of 400 milliamperes for 10 minutes 
from end to end of this cylinder caused the temperature of its center to increase by 
45.78°C., while the rise in temperature at one end was 9.47'’C., and at the other 
only 6.60'’C. Table lY gives the temperature measurement in detail. 

The c-xperiment affords an admirable example of the effect of con- 
centrating the lines of current flow on heat production. It is only 
by this mana-uver that central heating can be obtained in a homoge- 
neous medium in which heat loss occurs at a relatively uniform rate. 

hlany modifications of these two experiments were performed. In 
all of them maximal hearing occurred at the point of greatest current 
concentration. 
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The Question of Skin E^ffcci. 

TLe term ‘‘shin effect ”]ins no nnatoinicnl connotation. It is used by 
physicists to denote that property of a metallic conductor which causes 
nearly the whole of a liigh frequency current to pass along its surface 
rather than through its center. D ’Arsonval (2) is said to have shown 
that this phenomenon is not encountered in electrolytes. I^Tietheror 
not “skin effect” is encountered in biological conductors seems to be a 
moot point. Wc have previously rc\dcwcd the work of Dowse and 
Iredell (3), who found on the basis of both experimental and theoretical 
reasoning that “no measurable skin effect will be present” in the 
passage of a diatherm}’' current tlirough tlie human body. 

Bettman and Crohn believe that they have presented evidence in 
favor of the view that skin effect is a factor in keeping the current near 
the surface of the body. The basis of their assumption lies in experi- 
mental observations made on sausages and cadavers. A current of 
known milliamperage was passed through a large bologna sausage. 
The core of the sausage was then enucleated, leaving just a shell of 
skin and meat, and the change in milliamperage was noted. They 
found that a decrease in 67 per cent of sausage weight resulted in only 
a 22 per cent decrease in current, and concluded, therefore, that “the 
skin effect, wliilS not as marked as in metal, is certainly considerable.” 
In our opinion their experimental method is not free from criticism. 
The hot wire milliammeter is at best a crude instrument fer measuring 
current strength, varying in accuracy witli the temperature of its 
environment. It can be easily sho\vn, by measuring the rate of heat 
production in salt solution, that the current flow as estimated by a 
milliammeter is steadily diminishing, whereas the rate of heat production 
remains practically constant. Furthermore, if the current is turned 
off for a time and then turned on again without altering the spark gap, 
there is an apparent increase in milliamperage. These facts indicate 
that the milliammeter gives a false measurement of the current flowing 
through the conductor. We^uve found that simply interrupting the 
current flow for a w’hile and tL^n starting it without otherwise modify- 
ing any of the conditions may result in as mucli as a 70 per cent 
increase in milliammeter reading. 

This same criticism, we believe, is applicable to e.xperiments of a 
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similar nature which B ettman and Crohn performed on cadavers. We 
quote from their work: 

“Electrodes of equal size were placed parallel and opposite to one another on 
either side of the abdomen. The current was turned on and the milUammeter 
reading oted. Then all the abdominal viscera were removed through a midline 
ind^'o: , the incision was sutured, and an attempt was made to preserve the con- 
to_i of the abdomen by tension on one of the sutures. The current was again 
turned on, the electrodes and settings of the machine having remain rmtouched. 
It was found that the number of milliamperes recorded by the machine was iden- 
tical. This cada . experiment was repeated several times with similar results. 
It appears, therefore, that the viscera play little or no role in the consumption 
and, therefore, in the conduction of the current.” 

Several other sources of error appear to us to exist in this e.xperimen- 
tal procedure. First, the change in resistance produced bj’’ removal 
of the viscera may not be of an order of magnitude measiu'able by the 
ammeter. Second!}’', it is verj’’ difficult to preserve the contours of 
the abdomen after -viscerectomy. 

We have penonned an experiment of a similar nature on the dog’s 
cadaver, but one which we believe to be free from the sources of error 
just enumerated. As well as estimating current flow by means of 
a hot wire mUliammeter, we measured subcutaneous heat produc- 
ti^.' by means of thermocouples. Moreover, we chose the thorax, 
1 bony structure of which permitted no change in the contour. 
We did not -e\dscerate the thorax, but simply collapsed the lungs 
by introducing air into the pleural cavities through a hollow 
needle. Tliis was done without interrupting the current flow or 
indeed without touching the diathermy machine. The results of two 
such e.Tperiments arc in agreement. In each, five thermocouples 
were placed at various points in the subcutaneous or intramuscular 
tissue of the chest wall, ■while a diathermy current -ivas allowed to 
pass between electrodes applied to the sides of the shaved thora.x. 
Nine of the ten thermocouples showed a greater rate of heating after 
artificial pneumothorax than before. This indicates that when the 
lungs were collapsed more current passed through the superfidal 
layers of the body. iMoreover, in both experiments the collapse of 
the lungs was simultaneously accompanied by a drop in milliammeter 
reading. We reproduce in Table V the temperature readings of the 
thermocouples in both c.xperiments, together with the average milli- 
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ammeter readings before and after pneumothorax*. Fig. 3 presents 
grapliically the change in the rate of lieating recorded by one of the 
thermocouples and tlie accompanying cliangc in milliamraeler readings 
which occurred after tlic lungs were collapsed. This particular ther- 
mocouple lay in the insertion of (he pectoral muscles on the anterior 
aspect of the midsternum. 

On the basis of the average thermocouple readings published in tlie 
table it can be estimated, by the application of Joule’s law, how much 
more current passed through the superficial tissues after collapsing 


TAHLE V. 

Changes in Temperahtre and MiUtavimcicr Reading after Artificial Pneumothorax 

in Experiments 5 and 6. 



Temperature increment during IS min. 
of current flow 

Position of thermocouple 

Experiment S 

Experiment 6 


Before 

pneumo- 

thorax 

After 

pneumo- 

thorax 

Before 

pneumo- 

thorax 

After 

pneumo- 

thorax 

On anterior surface of sternum at center 

•c. 

2.58 

•c. 

10.90 

"C. 

2.76 

X. 

9.33 

On left edge of sternum 

7.43 

10.74 

7.85 

7. 65 

On right edge of sternum. 

3.48 

10.71 

4.30 

8.23 

In deep muscles of back, 1 inch to right of 
midlinc 

1.62 

3.66 

1.19 

2.52 

In deep muscles of back, 1 inch to left of 
midline 

1.06 

2.84 

1 

2.77 

4.32 


1. 

Average 

3.23 

7.77 

3.77 

6.41 

Average reading on milliammeter 

1250 

1114 

1233 

1094 




the lungs than before. In E.\periment 5 this amounted to an increase 
of 35,7 per cent; in Experiment 6, to 24.2 per cent. These figures 
must represent the minimum percentage of current whicli was passing 
through the lungs. The values are probably too low, since in both 
experiments the milliammeter showed approximately an 11 per cent 
reduction of total current delivered to tlie cadaver after pneumothorax, 
and some current must have been passing through the collapsed lungs. 
' We may conclude, therefore, that in tlie dead dog, at least, the 
diathermy current does actually pass tlirough the interior of the body. 
The absence of true “skin effect,” however, does not necessitate 
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the passage of all of the current through the deep tissues. As we have 
stated above, the current will take the path of least electrical resist- 
ance. Maximal heating occurs where there is greatest ohmic resist- 
ance, least heat loss, and above all, greatest concentration of the 
current. Where this will occur in the living animal body can be 
discovered only by experiment. The next part of the paper will deal 
with this aspect of the problem. 



Fig. 3. Curve showing fluctuations of subcutaneous temperature and milliam- 
meter reading before and after artificial pneumothorax. 

Ordinates (left) = °C. 

“ (right) = milliamperes. 

Abscissae = time in minutes. 

Pari II. Experiments on the Lwing Body. 

A dog’s lung can be heated by diathermy only sUghtly (about 0.4°C.) 
above the rectal temperature (4). This is sufficient to cause the blood 
passing through the pulmonary capillaries to be warmed, with the 
result that the blood in the left ventricle, normally cooler than the 
blood in the right auricle, becomes, in fact, during diathermy, slightly 
warmer (5). These considerations might be taken as evidence for 
the penetration of the current through the deep structures of the 
body. Such a conclusion is, however, unwarranted until it has been 
shown that the heating of the lung is not the result of conduction from 
the heated skin and chest wall. That lung heating can occur even 

when Uie thoracic wall is simultaneously cooled will be shown in this 
paper. 



726 


DIATHERMY. IV 


The experiments about to be reported are of three general types: 

1. Those in which the heat gradient of the body was measured from 
without inward before and during diathermy. 

2. Those in which the heat gradient of the body was measured from 
without inward before and during the application of local heat to the 
cliest wall. A comparison was made with the heat gradient during 
diathermy. 

3. Those in which lung temperature was measured during dia- 
thermy with simultaneous cooling of the chest wall. 

TABLE VI. 


Tcmpcraliirc Gradicui in Anesthetized Dogs. 


Experiment No. j 

Rectal 

temperature 

Luna 

temperature 

Inlmmu.^cuhr 

temperature 

Subcutaneous 

temperature 

Skin 

temperature 

under 

electrode 


“C. 

°C. 

°C. 

“C. 

•c. 

D 13 

33.50 

33.24 

33.10 

32.77 

31.86 

D 27 

35.21 

35.17 

36.99 

33.60 


D 29 

37.15 

36.94 

36.42 

34.53 



D30 

35.14 

35.05 

34.93 

34. OS 

33.83 

D31 

35.31 

35 21 

35.21 

34.63 

34.48 

D32 

36,21 

36.13 


34.96 

34.17 

D33 

35.51 

35.39 

35.64 

33.91 

32.98 

D 34 

36,57 

36.39 

35.47 

35.97 

34.61 

Average 

35.57 

35.44 

35 14 

34 27 

33.65 



All these experiments were done for the same purpose, namely, to 
learn whether the diathermy current passes through the interior of the 
body or through its more superficial tissues only. It is our belief that 
the evidence furnished by the experiments Justifies the conclusion 
that the current penetrates the body wall and passes through tlie 
interior. 

I. The Tcmperdhire Gradient in the Body before and during Diathermy. 

By means of thermocouples such as have been described we were 
able to measure the temperature gradient whicli exists in the body of 
the anesthetized dog. Under normal conditions the rectal tempera- 
ture is the highest, the lung, intercostal muscles, subcutaneous tissue. 














RONALD V. CHRISTIE AND CARL A. L. BINGER 


727 


and skin following in order. Table W shows the temperatures re- 
corded at various depths in eight different dogs. The averages were: 
Rectal 35.57°C., lung 35.44°C., intramuscular 35.14°C., subcutaneous 
tissue 34.27°C., and skin 33.65°C. 

When cooling of the dogs occurred the heat loss progressed, as 
might be expected, more rapidly in the superficial layers than in the 
interior of the body. 

With the passage of the diathermy current between electrodes 
placed laterally against the chest wall this temperature gradient 
promptly reversed, the hottest regions now l}Tng nearest to the elec- 
trodes. The skin immediately rmder the electrode, of course, had 
the opportunity of losing heat by radiation, and perhaps offered a 
lower resistance to the current as well, and therefore did not heat up 
as fast as the subcutaneous tissue. This, however, and the thoracic 
musculature, showed a far greater elevation in temperature than 
either the limgs or the rectmn. It was not uncommon to see a sudden 
jump in the subcutaneous temperature of over 10°C. in the first 5 
minutes of diathermy with a simultaneous rise in rectal and lung 
temperature of only 0.3° to 0.5°C. (Experiment D 27). 

The reversal in temperature gradient is admirably shown in Experi- 
ment D 13, Fig. 4. 

The curves show the normal relationship at the start of the observations, the 
highest temperature being in the rectum, foUov.-ed in turn by lung, intercostal 
muscle, subcutaneous tissue, and skin. During the preliminary period before the 
current flow was begun the animal lost beat, and the cooling, as will be seen in the 
figure, was more rapid in the superficial than in the deep parts. A current of 1200 
milliamperes was then turned on. Immediately the skin and subcutaneous tem- 
peratures rose precipitously, the latter now exceeding the former. Intercostal 
muscle temperature now occupied a position between lung and superficial tem- 
perature, that of the lung in turn exceedmg the rectal. It will be understood, of 
course, that in all these experiments the elevation in rectal temperature is due 
to heat conveyed to the rectum by the blood. 

Later in the experiment the dog’s skin was cooled by wetting his coat and blow- 
ing a stream of air on it. There resulted a drop in all temperatures, both internal 
and external. With the cessation of the cooling the superfidal temperatures 
began again to mount, but the internal temperatures still continued to fall, since 
the blood which had been cooled on the surface was still circulating through the 
deep vascular tissues. On suddenly killing the animal the lung and intramuscular 
temperatures shot up steeply, since these structures, well insulated against heat 
loss by radiation, had been robbed of their normal medium for cooling, namelv, 
the circulating blood. 
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This experiment, and many others of a similar kind, shows that 
the normal heat gradient of the body is reversed during diathermy. Heat- 
ing by diathermy occurs from without inward. To find out whether 
deep heating is ■wholly the result of conduction from the heated 
chest wall a comparison was made between the effect of the application 
of local heat to the skin and the effect of diathermy on deep 
temperatures. 

II. A Comparison of Deep Temperatures, during Application of Local 
Heat to the Skin, with Deep Temperatures during Diathermy. 

For the application of local heat to the skin we prepared hollow reservoirs 
of brass, 3X4 inches in area, and slightly cur\'ed to fit the contours of 
the dog’s chest wall. Through these reservoirs water was irrigated at the de- 
sired temperature. By soldering copper wdres to the reservoirs they could be 
connected with the leads of the diathermy machine, and thus converted into 
electrodes. 

With this equipment and the use of thermocouples it was easy to 
compare the deep temperatures produced by the local application of 
heat with the deep temperatures produced by diathermy. The re- 
sults of such experiments showed that even though the skin tempera- 
ture was higher -ndth local heat than with diathermy, the subcutaneous 
and deep temperature elevation was less. 

A specific example of this is shown in Experiment D 33. Water electrodes 
were fastened to an anesthetized dog’s thorax. The temperatme of the water 
circulating through the electodes was maintained between 50° and 54’C. After 
an hour and 20 minutes exposure to local heat of this grade the recorded temper- 
ature changes were: skin under the electrodes, 32.52° to 45.23°C.; subcutaneous 
tissue, 33.43° to 41.28°C.; left lung, 35.16° to 35.04°C; right lung, 35.11° to 35.orC; 
rectal temperature, 35.23° to 35.00°C. The failure of lung and rectal temperatures 
to rise under these circumstances should be noted. 

The hilum of the left lung was then suddenly tied by fastening a previously 
placed ligature so that the circulation through this lung was obliterated (6). This 
was followed by a rise in temperature of the left lung of 0.20°C. and a gradual 
further rise during the next hour of 0.56°C. During this period the temperature 
of the right lung did not change. The flow of hot water was then discontinued 
and a diathermy current of 1200 milliamperes immediately started, which resulted 
m a 3°C. fall m skin temperature and, in spite of this, a 2°C. rise in subcutaneous 
temperature. The temperature of the normal lung, unchanged for more than an 
hour, now rose by 0.2°C., while tlic ligated lung temperature suddenly jumped 



DIATHERJrV. 




mss 


susaagiml 


0 10 20 ^0 40 50 60 “0 80 90 100 no 120 UO 140 IHI 160 ITO 150 'ISI 200 Zn 220 ZX) 240 S50 200 2T0 230 290 

Time in minutes 

Fig. 5. Cun^e showing comparison of the effect of local heat with the effect of 
diathermy on superficial and deep temperatures. 

Ordinates = °C. 

Abscissao = time in minutes. 
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from 35.86° to 37.29°C. The temperature changes in this experiment are graphi- 
cally shmvn in Fig. 5. In addition to the changes just described the figure shows 
the characteristic upward inclination of rectal and normal lung temperature with 


the onset of diathermy. 

This experiment may be re- 
garded as evidence in favor of the 
belief that the deep heating of 
diathermy is due not only to local 
heating of the chest wall but to 
actual passage of the current 
through the deep tissues. 

The final proof for this state- 
ment is, we believe, supplied by 
the next experiment. 

III. Measurement of Lung and 
Rectal Temperature during Dia- 
thermy until Simultaneous Cool- 
ing of the Chest Wall. 

Experiment D 42 . — A female collie, 
weighmg 8.75 kilos, was anesthetized 
by the intravenous injection of barbital 
sodium (0.3 1 gm. per kilo) . The thorax 
v.-as then shaved and lead-tin dectrodes 
measuring 3X4 inches were applied 
laterally. Great care was taken to 
avoid any edge effect by having the 
electrode surfaces as nearly parallel as 
the contours of the chest wall would 
permit. Six thermocouple needles were 
then inserted into the subcutaneous and 
intramuscular tissue of the chest wall 
so that they lay in the zone between 
the electrodes encircling the chest wail. 
This permitted temperature measure- 
ment in the whole circumference of 
the chest wall. .A. seventh tliermo- 
couplc needle was thrust through the 
chest wall so that its point lay buried 
in the substance of the ventral lobe of 



Fig. 6. Curve showing subcutaneous 
and intramuscular temperatures of the 
chest wall as well as rectal and limg 
temperatures during diathermy with 
simultaneous coolmg of the chest wall. 

The position of the thermocouples, 1 
to 6, is shown in Table ATI. 

Ordinates = °C. 

Abscissa: = time in minutes. 
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Temperaturs Changes Recorded in Experiment D 42. 
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In 

substance 
of ventral 
lobe of 
right lung 

"C. 

36.30 

34 71 
36.98 

38.20 

38.64 

38.56 

38.53 

39.03 

38.51 

38.56 

38.64 

37.87 

6 

Buried in 
deep mus- 
cles of left 
back 

parallel to 
vertebral 
column 

°C. 

36.45 

35.00 

35.31 

35.07 

34.77 

34.43 

34.73 

34.88 

35.18 

Against 
right ribs 
parallel to 
vertebral 
column 
under deep 
muscles of 
back 

r. 

36.45 

34.50 

34.07 

34.16 

34.85 

34.48 

34.50 

34.73 

34.60 

4 

Under left 
pectoral 
muscle be- 
neath vn- 
tral edge of 
left 

electrode 

°C. 

35.61 

29.71 
29.47 

29.47 

29.47 

29.38 

30.25 

30.72 
29.75 

3 

In subcu- 
taneous fat 
on mid- 
stemum 

"C. 

35.49 

28.55 

27.91 

27.62 

27.70 

28.52 

30.07 

30.96 

30.38 

2 

Under right 
pectoral 
muscle, be- 
neath ven- 
tral edge of 
right 
electrode 

35.36 

32.30 

31.98 

33.24 

33.64 

33.22 

33.90 

34.35 

34.82 

I 

Subcutane- 
ous under 
center of 
right 
electrode 

“C. 

35.05 

31.11 

31.51 

35.85 

36.94 

35.05 

35.09 

35.57 

35.70 
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the right lung. The entire thorax then surrounded by rubber ice caps, 
filled u-ith a salt-ice mixture, held firmly against the chest wall by a binder. Rectal 
temperature was recorded by a mercury thermometer. After preliminary tem- 
perature measurements, a diathermy current of 1200 milliamperes was turned on 
and allowed to flow for an horn:. Temperature readings on all thermocouples 
were made at 10 minute intervals. 

; 

The measurements show that both lung and rectal temperatures 
exceeded the temperatures developed in the chest wall. The fact that 
the rectal temperature was almost 3°C. below lung temperature in 
this experiment can be accounted for by the cooling effect on the 
rectum of surface blood. This surface blood, coimteracting the warm- 
ing effect of the deep blood, explains the relatively stable rectal tem- 
peratiire, which ordinarily rises during diathermy. The thermocouple 
positions and readings are shown in Table \'II, and in Fig. 6 there is 
a graphic representation of this experiment. 

There can be no doubt that deep heating has occurred in spite of surface 
cooling; from which it must be concluded that the current passes through 
the interior of the body. 

StimiARY AND CONCLUSIONS. 

The principles governing the passage of high frequency currents 
through various conductors have been discussed and exemplified in 
e.xperiments done on both non-living and living bodies. 

In Part I it was shown: (1) That the current takes the path of 
least electrical resistance rather than the shortest path; (2) that 
maximal heating occurs at the point of greatest concentration of the 
lines of current flow. In a homogeneous medimn with parallel elec- 
trodes maximal heat production occurs in those portions of the 
medium adjoining the electrodes and the heat gradient is from without 
inward. Under these cirounstances maximal heating never occurs 
at the center. In discussing the localization of heat not only the 
electrical resistance and current concentration, but also the cooling 
effect, must be considered. 

In experiments on the dog’s cadaver no evidence of the so called 
“skin effect” could be demonstrated. This is in contradistinction to 
the findings of Bettman and Crohn, but the discrepancy is explained 
on the basis of what we believe to be a technical error in their work. 
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The finding of no “skin effect” is in agreement witli the conclusions 
of Dowse and Iredell, based on both experimental and tlieoretical 
considerations. 

In Part II tliree types of experiments were performed on the 
anesthetized dog. The conclusions to be derived from them are 
these: (1) The heat gradient of the body is reversed during diathermy 
and heating occurs from without inward; (2) deep heating during 
diathermy is greater than that which results from the application of 
local heat to the skin; (3) the lung can be heated by diathermy in 
spite of simultaneous cooling of the chest wall. 

These experiments we regard as satisfactory evidence of the passage 
of the current through the interior of the body. 
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INTRODUCTION. 

The present paper reports a comparison of the antigenic (antibody- 
invoking and antibody-combining) properties of the hemolytically 
active (reduced) form of pneumococcus hemotoxin with the antigenic 
properties of the inactive modifications derived from the original 
antigen (hemotoxin) by oxidation and by heat. The follotving inac- 
tive modifications were studied: (1) the reversible inactive oxidation 
product which can be reconverted to the active substance by test-tube 
reduction; (2) the irreversible, inactive products formed by treatment 
with strong oxidizing agents (exposure to strong concentrations of 
H 2 O 2 and to sunlight) ; (3) the irreversible inactive products formed by 
heat. 

The bacterial hemotoxins, as a class, are of immunological interest since they 
belong to the same large group of antigens (“antitoxinogens”) as the important 
true toxins. Previous papers (1-4) in this series established certain relations 
between the hemolytic activity and the oxidation-reduction state of several 
bacterial hemotoxins. The present study of pneumococcus hemotoxin deals with 
the effect of oxidation and of heat upon the following properties which are possessed 
by the “true” toxins as well as by hemotoxins: (1) the cell-injuring property of 
the hemotoxin (including the cell combination reaction which precedes the 
injur>0, (2) its antibody-invoking property in vivo, and (3) its antibody-combining 

* Mr. Gaspari’s cooperation in this work was made possible by a grant from The 
Henry Strong Denison Medical Foundation. 
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property in vitro. The results are reported in two papers; the present paper 
reporting the study of the antigenic properties, and the following paper reporting 
the study of the hemolytic or “cell injuty” property. 

EXPERIMENTAL. 

General Methods. 

Source of the Ilcmotoxin. — Pneumococcus extract (prepared by previously 
described methods (5)) supplied the hemotoxin used in the experiments. Enrich- 
ment of the broth culture medium by the addition of Avery’s yeast extract (6) 
resulted in a particularly strong preparation, not only in hemotoxin concentra- 
tion but also in oxidizing and reducing properties. 

Titration of Antihemotoxin in Immune Scrum. — ^The antihemotoxin potency was 
determined by adding different amoimts of serum to a constant dose of hemo- 
toxin; the hemotoxin-serum mixtures were shaken, and then incubated for 45 
minutes at 25°C. to allow time for combination of hemotoxin and its neutralizing 
antibody; a constant amount of blood cells was then added and the final test 
systems incubated at 38°C. for 1 hour to determine the presence of free or un- 
neutralized hemotoxin. 5 “units” (five times the amount of extract required to 
hemolyze completely 2.5 cc. of a 1 per cent suspension of washed rabbit cells) 
were used as the constant “dose” of hemotoxin instead of the 3 units employed 
in a previous study (7) , This has the advantage of obscuring the inhibitory effect 
of normal serum, which is due to non-specific lipoid constituents imrelated to 
the true and specific neutralizmg antibody. 

The previously described (7) controls were included to prove that none of the 
apparent neutralization was due to oxidative inactivation during the incubation 
of the hemotoxin-serum mixtures previous to the introduction of the blood cells. 
It is also important that there was no visible protein precipitation in our hemo- 
toxin-serum mixtures, since this phenomenon, if it had occurred, might have 
introduced errors by the meclianical removal of active hemotoxin. 

Hemotoxin Inhibition by Normal Serum. — ^Although it is well known that 
normal serum contains constituents that inhibit tlie usual bacterial hemotoxins, 
it is desirable to emphasize the fact that these substances are not related at all 
to the true immune neutralizing antibody. The immune pneumococcus anti- 
hemotoxin is species-specific and does not inhibit the hcmoto.xins of tetanus or of 
the Welch bacillus (7) while the normal serum constituents are non-specific, and 
inhibit to some extent almost all the bacterial hemotoxins. 

In our experiments, the normal scrum of each animal, obtained before im- 
munization, was included as a control in the antihemotoxin titration of the 
immune serum. The small amount of immune serum required for hemotoxin 
neutralization is of an entirely different order of magnitude than the relatively 
large amount required for the comparable inhibition of hemolysis by normal 
serum. Hence, while a certain part of the apparent neutralizing capacity of 
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immune serum is always due to normal constituents of serum, there is little 
chance for confusion between the non-specific inhibition and the specific neu- 
tralization by immune serum, if the dose of hemotoxin and the amocmt of serum 
are properly chosen. 

Toxicity of the Extracts Employed in the Immunizaiion.~Th& pneumococcus 
solution used to supply the hemotoxin contained, in addition to the hemotoxin 
and other pneumococcus constituents, the endocellular toxic products described 
by Cole (8). MTiile we believe that these toxic substances are distinct from the 
hemotoxin, it was necessary to consider them a possible source of complication 
in the immunization of the animals. 

The results of tests.of the toxicity of the extract employed in this study showed 
that intravenous injections must be limited to relatively small doses, while 
amounts as large as 0.4 cc., it desired, could be injected by the subcutaneous 
route without injury to rabbits. 

Preliminary Experiments on the Influence of Size of Dose of Antigen 
(Hemotoxin) upon the Antibody (Antihemotoxin) Response. 

Comparisons of the effectiveness of different modifications of any antigen 
should consider the factor of the size of dose employed in the immunization. 
This becomes esi>eciaUy important in comparisons of the effectiveness of toxoid 
solutions containing traces of the active substance with the effectiveness of solu- 
tions of the active substance itself, for if there were no relation at all between 
dosage and response, the traces of active substance in the toxoid solution might 
be responsible for the antibody production. Hence, it was considered an essential 
step in the present investigation to determine whether or not there was a direct 
relationship between the dosage of antigen (hemotoxin) and the antibody (anti- 
hemotoxin) response; and if such a relation existed, in what zone of antigen dosage 
it held valid. It was assumed that the quantitative relation, if it existed at all, 
could be demonstrated best by keeping the amount of antigen well below that 
required for the maximum immimity response, for if the amounts of antigen were 
so large that even the smallest test doses were sufficient to invoke the maximum 
response, any quantitative relation would be obscured. 

Since it was sufficient for the objects of the subsequent major experiments to 
show immunity differences resulting from large differences in magnitude of the 
antigen dosage, the following experiments were limited to two sizes of dose of 
antigen, one of which was ten times as great as the other. 

Four male rabbits of approximately the same age and weight were selected. 
The test doses of antigen were chosen to be 0.2 cc. and 0.02 cc. of the hemotoxin 
solution given subcutaneously in order to keep even the larger amount somewhat 
below that required for the maximum immunity response. Two rabbits were 
immunized u ith the 0.2 cc. dose and two others with the 0.02 cc. dose. Injections 
were made daily for 6 successive days with a test bleeding 8 days later. A second 
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course of injections, begun immediately after the first bleeding, consisted of five 
injections on successive days with a test bleeding after a rest period of 9 days. 
The results are given in Table I. 

The results of this experiment (Table I) show that the amount of 
antigen (hemotoxin) injected does affect the antibody (antihemotoxin) 
response, provided the dose of antigen is kept within proper limits 
(that is, when the larger doses are not excessive, and when the smaller 
doses are near the minimum required for the stimulation of a detect- 


TABLE I. 

Jnilmncc of Sise of Dose of Antigen illcniolox'in) upon Anlihody [Aniihcmoioxvi) 

Response. 


Response (antihcmoto.Tin titrations of sfrum) 

by S ‘‘units” of hemoto'cin wliich had been incubated in presence of serum 
for 45 min. at 2S‘’C., before addition of red blood cells 


Serum obtained 
after first course of 
injections 


O.OS cc. 0,015 cc. 


0 H — h 

0 ++ 

-j — I — I — .] — [-++ 

'++ + +++++, 

0 = no hemolysis. 

± = trace of hemolysis. 

+ = hemob^sis appro.vimately one-fourth complete. 

+ + = hemolysis approximately one-half complete. 

-b -f -f = hemolj'sis approximately three-fourths complete. 

-f -i- + + = complete hemolysis. 

able response) . In view of tlie well laiown differences in the immunity 
response of different individual animals, one cannot expect too much, 
but the relationship between dosage and response was sufficiently 
definite to be utilized in tlie following major experiments which com- 
pare the antigenic properties of different modifications of pneumococ- 
cus hemotoxin. 


Scrum obtained alter second course of injections 


0.05 cc. 0.006 cc. 0.003 cc. 0.002 cc. 



Immunization 


Hemolysi 


Size 

of dose; c, 
amount 

bacterial 
extract ™ 
in each 
injection 
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Comparison of the Aniibody-Imoliing Properties of the Reduced {Active) 
and the Reversible Oxidized {Inactive) Forms of 
Pneumococcus Hemotoxin. 

This experiment consisted of a comparison of the antibody-invoking properties 
of the hemolytically active (reduced) hemotoxin and of its inactive, reversible 
oxidation products. In the “unoxidized” solution, the hemotoxin was preserved 


TABLE II. 


Proportion of the Hemolytically Acliix {Reduced) and Hemolytically Inactive 
{Reversibly Oxidized) Modifications of the Hemotoxin Contained in the Solutions 
Employed in the Immunizations. 



Unoxidixed hemotoxin solution 

Oxidized hemotoaa solution 

Amount 
of hemotoxin 
solution 

Measurement of 
active hemotoxin; 
hemolytic activity 
of solution before 
treatment with re- 
ducing agent 

Measurement of 
actK’e hemotoxin 
plus the reversible 
oxidized form; 
hemolytic activity 
of solution after 
treatment with re- 
ducing agent 

1 Measurement of 
acth-e hemotoxin; 
hemolytic activity 
of solution before 

1 treatment with re- 
ducing agent 
i 

I Measurement of 

1 acti\T hemotoxin 

1 plus^ the reversibly 
oxidized form; 
hemolytic activity 
of solution after 
treatment with re- 
ducing agent 

cc, 

0.03 

++++ 

+-{-++ 

+++ 

-h+++ 

0 02 

++- h-l- 

d-r-h-l- 

i 

-h-i-f-i- 

0.01 



0 

■i — !*+-{- 

0.003 

++++ 

++++ 

0 

-h-h-l— h 

0.001 

+++ 

++-1' 

0 



-h 

+ 

0 

-f 

0.0002 

0 

0 

0 

0 


0 = no hemolysis. 

± = trace of hemolysis. 

+ = hemolysis approximately one-fourth complete. 

+ -f = hemolysis approximately one-half complete. 

-1- -h -h = hemolysis approximately three-fourths complete. 
+ -i--l--l- = complete hemolysis. 


in its original active or reduced form by the reducing properties of the system 
in the absence of air. In the “oxidized" pneumococcus extract (prepared by 
exposing the extract to air for about 24 hours at 37°C.), the reducing properties 
of the system had been destroyed and the o.xidizing agents (peroxides) had con- 
verted the hemotoxin to hemolytically inactive oxidation products; these inactive 
oxidation products were reversible, and could be reconverted to the original active 
fonn of the hemotoxin by biological or chemical reducing agents. 

All the material employed in the immunization was analyzed in order to deter- 
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mine what proportion of the total amount of antigen was m the active (reduced) 
state and what proportion was present in tlie inactive form; tin's was particularly 
important in the case of the "oxidized” or "inactive” material which (like most 
toxoid material) did contain residual traces of tlie active hemotoxin. The dosage 
employed in the immunization was kept low in order to stay within the zone in 
which tliere is a direct relation between the amount of antigen and the degree of 
immunity response. These two conditions were essential: (1) knowledge of the 
nature of the material used in immunization, (2) control of antigen dosage, since 
the crux of the experiment consisted not onlj' in a comparison of the antibody 
response to the equal amounts of the unoxidized and of the oxidized solutions, 
but also in determining whether or not the residual traces of active hemoto.xin 
persisting in the oxidized solution were in themselves sulBcient to invoke a 
significant response. 

1. Analysis of the Material Utilized in the Immunization. — One series of animals 
was immunized with "unoxidized” hemotoxin solution, and another scries with 
the solution which had been oxidized by e.xposure to air for 24 hours at 37°C. 
The two solutions were examined b}^ metliods (1-4) which measure both the 
reduced and reversibl}’’ oxidized forms of the hemoto.xin. 

The results of these tests (Table II) show that in the uno.xidized solution, all 
the hemotoxin was in the reduced or active form. In contrast to the unoxidized 
solution, almost all the hemotoxin in the oxidized solution was present in the 
reversibly oxidized form, as indicated by the great increase in the hemolj'tic 
activity of this solution when treated with tlie reducing agent. It is important 
to note that residual traces of the active (reduced) form did persist in the 
“oxidized” solution; the amount of active substance, however, was small, since 
0.02 cc. of the oxidized extract gave less hemolysis tlian did 0.0005 cc. of the 
uno.xidized material. 

The total antigen (hemotoxin) in the two extracts was tlie same, since their 
hemolytic activity was appro.ximately identical when measured after the reduction 
treatment. The unoxidized extract can be assumed to have contained 100 per 
cent of the total antigen in tlie active or reduced state. In the oxidized solution, 
it is sufficient for the present purpose to estimate that more than 90 per cent of 
the total antigen was present in the o.xidized (inactive) state, and that tlie traces 
of the reduced (active) form represented less than 10 per cent of the total liemo- 
toxin. (This estimate of 1 0 per cent is purposely generous; 0.03 cc. of the oxidized 
solution possessed no more hemolytic activity than 0.001 cc. of the same solution 
after reduction treatment.) 

2. Control of Dosage in the Immunization. — Eight rabbits, all obtained from 
the same breeder, and all of approximately the s,ame weight, were selected; four 
were immunized with tlie uno.xidized and four with the oxidized material. 

Two doses were employed in the injection of the animals of each scries; the 
larger dose (0.2 cc.) of the uno.xidized and o.xidized solutions for the respective 
scries was somewhat less than that required for the maximum response, and the 
smaller dose (0.02 cc.) was near the minimum required for any detectable response. 
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These two doses, chosen from the results of previous experiments (Table I), 
presented a convenient basis for a valid evaluation of the antibody-invoking 
properties of the oxidized (mactive) and reduced (active) forms of the hemotoxin, 
the quantitative relations between them being so arranged that the traces of 
reduced (active) hemotoxin contained in the larger test dose of the oxidized 
material were quantitatively less than the amount of the reduced substance con- 
tained in the smaller test dose of the unoxidized material. 

The routine of the immimization was the same as previously described; the 
antibody response was determined by measurements of the antihemotoxin content 
of the immune sera after one and two courses of injections. Since the quantita- 
tive relations between dosage and antibody response were more valid in the sera 
obtained after the first course of injections than in those obtained after the second 
course, the objects of the experiment are satisfied by presenting in Table HI a 
summary of the results after the fimt course of the imm u ni z a tion. 

TABLE m. 

Comparison of the Antibody-Invoking Properties of the Reduced {Hemolylically 
Active) and of the Reversibly Oxidized {Hemolytically Inactive) Forms of 
Pneumococctts Hemotoxin. 


Condition of the antigen (hemotoxin) used in 

Immunity response 
(5 “units” of hemotoxin tested against 
0.03 cc. of the immune serum 
obtained after 1 course of injections) 

the immunization 




Neutralization 

Neutralization 

100 per cent of the total antigen in reduced (hemolytic- 

0 

+ 

ally active) state 

Over 90 per cent of the total antigen in the reversibly 

0 

-i- 

oxidized (hemolytically inactive) state; less than 
10 per cent of antigen in the reduced (active) state 




Table m presents two important facts. First, one course of injec- 
tions of 0.2 cc. of either the unoxidized or oxidized material invoked 
the production of significant amoimts of antihemotoxin; second, the 
same number of injections of 0.02 cc. (one-tenth the size of the first 
dose), proved insufficient to cause a significant immunity response. 
In spite of the fact that 100 per cent of the total antigen (hemotoxin) 
was in the reduced state in the one solution and 90 per cent was in 
the oxidized state in the other solution, like immunity responses were 
invoked in all instances by equal doses of the unoxidized and oxidized 
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material. The lack of any essential difference in the degree of re- 
sponse to the larger or effective dose (0.2 cc.) of the two solutions con- 
taining such wide’y different proportions of the two modifications of 
the antigen, indicates that there is no essential difference in the 
antibody-invoking properties of tire reduced and of the reversibly 
oxidized forms of tlie hemotoxin. Since it was known that less than 
one-tenth of the total hemotoxin (reduced plus oxidized forms) was in 
the reduced state in the oxidized solution, the fact that the same num- 
ber of injections of 0.02 cc. of the unoxidized solution (or one-tenth 
the larger dose of the solution containing 100 per cent active hemo- 
toxin) did not invoke antibody production, serves to prove that the 
residual traces of reduced substance remaining in the oxidized materi- 
als were by themselves insufficient to account for the antigenic 
effectiveness of the larger dose (0.2 cc.) of the oxidized hemotoxin 
solution. Although the possibilit)’’ has not been eliminated that 
tlie effectiveness of the oxidized form may be increased by the presence 
of traces of the reduced form, the above evidence indicates that tlie 
antibody-invoking properties of tlie reduced and reversibly oxidized 
forms of the antigen are identical; and that the loss of the hemolytic 
property is not necessarily accompanied by any loss in the capacity to 
invoke antibody production. 

Experiments on the Antibody-Invoking Properly of Inactive, Irreversible 
Modifications of the Antigen {Hemotoxin) Derived 
by Means of Strong Oxidizing Agents. 

The preceding experiment showed that the loss of hemolytic activity by the 
reversibly oxidized modification of the hemotoxin was not accompanied by any 
detectable change in its antigenic effectiveness. The reversibly oxidized form is 
the product obtained when the hemotoxin is oxidized by the peroxides produced 
when this type (9) of bacterial solution is e.xposed to air. However, other 
modifications of the hemotoxin are formed when the bacterial solutions are treated 
with strong oxidizing agents; these products agree with the reversibb'^ o.vidized 
form in that they have lost the original hemolytic propert}', but differ in that they 
cannot be reconverted to the original form by test-tube reduction. The irreversi- 
ble, inactive modifications arc not so easily produced from pneumococcus hemo- 
toxin as are the similar products derived from the hemotoxins of tetanus and 
Welch bacilli (2, 3). (With the latter substances, the irreversible products arc 
formed so readily that it is difficult to induce tlie formation of the reversible 
product without at the same time causing the formation of some of the irreversible 
products.) 
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Experiments were made to determine whether the changes in pneumococcus 
hemotosin which are involved in the formation of the irreversible products cause 
a loss of the antibody-invoking property. The hemotoxin solution was exposed 
to 0.5 molar H 2 O 2 (“Dioxogen” diluted in phosphate solution) for 7 days at 
37°C. It was desired to eliminate the H 2 O 2 at the end of this period of exposure 
so that it would not interfere with the reduction tests to be made for the presence 
of the reversible product of the hemotoxin. In order to accelerate the “sponta- 
neous” deterioration of the H 2 O 2 , the mixture was exposed for 3 daj's to intense 
summer sunlight in addition to the 7 days storage at 37°C. in the dark. After 
this treatment, all the hemotoxin had been converted to irreversible modifications 
and the H 2 O 2 destroyed. 

Four rabbits were immunized with the doses used in the preceding experiment, 
but none of them developed any detectable antihemotoxin. 

The results showed that the irreversible products formed by treat- 
ment with strong H2O2 were devoid of the antibody-invoking property 
of the original hemotoxin. VvTiile there is a striking contrast between 
the antigenicity of the reversibly oxidized modification and the non- 
antigenicity of the irreversible products studied in this particular 
experiment, it is possible that other irreversible products which retain 
antigenicity are formed by other agents than those employed m our 
experiments. It must be remembered that drastic treatment was 
employed to convert the firrst formed reversible modification to the 
irreversible modification. Treatment of any antigenic substance with 
high concentrations of H2O2 is likely to cause profound changes in the 
molecule,^ changes indeed which frequently involve hydrolysis or 
splitting of the mo'ecule as a whole in distinction to oxidation of indi- 
vidual groupings without profoimd changes in other parts of the 
molecule. Hemoglobin, for example, w'hen treated with the proper 
o.xidi2ing agent, is converted quantitatively to methemoglobin (also 
a reversible product), but if treated with a high concentration of 
H2O2, a part of the hemoglobin (or more properly, a part of the methe- 
moglobin) is split to globm and hematin ( 10 ) . One must distinguish 

* IMiile the exposure to 0.5 molar H 2 O 2 v.hich results in loss of antigenicity of 
the hemotoxin v.ould also partially convert hemoglobin to (reputedly) anti- 
genically ineffective products, it was not an imreasonably drastic treatment 
with which to treat the hemotoxin. It will be shown in a later paper that the 
same treatment does not residt in a comparable loss of the antigenicity of certain 
other protein substances which give rise to anti-pneumococcus-protein predpitins. 
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material. The lack of any essential difference in the degree of re- 
sponse to the larger or effective dose (0.2 cc.) of the two solutions con- 
taining such wide’y different proportions of the two modifications of 
the antigen, indicates that there is no essential difference in the 
antibody-invoking properties of the reduced and of the reversibly 
oxidized forms of tlie hemotoxin. Since it was knovm that less than 
one-tentli of the total hemotoxin (reduced plus oxidized forms) was in 
the reduced state in the oxidized solution, the fact that the same num- 
ber of injections of 0.02 cc. of the unoxidized solution (or one-tenth 
the larger dose of the solution containing 100 per cent active hemo- 
toxin) did not invoke antibody production, serves to prove that the 
residual traces of reduced substance remaining in the oxidized materi- 
als were by themselves insufBcient to account for the antigenic 
effectiveness of the larger dose (0.2 cc.) of the oxidized hemoto.xin 
solution. Although the possibility has not been eliminated that 
tlie effectiveness of the oxidized fonn may be increased by the presence 
of traces of tlie reduced form, the above evidence indicates that the 
antibody-invoking properties of the reduced and reversibl}' oxidized 
forms of tlie antigen are identical; and tliat tlie loss of the hemolytic 
property is not necessarily accompanied by any loss in the capacity to 
invoke antibody production. 

Experiments on the Antibody-Invoking Properly of I nnetive^ irreroersihte 
Modifications of the Antigen {Hemotoxin) Derived 
by Means of Strong Oxidizing Agents. 

The preceding experiment showed Uiat the loss of hemolytic activity by the 
reversibly oxidized modification of the hemotoxin was not accompanied by any 
detectable change in its antigenic effectiveness. The reversibl}'^ oxidized form is 
the product obtained when the hemotoxin is oxidized by the peroxides produced 
when this type (9) of bacterial solution is exposed to air. However, other 
modifications of the hemotoxin are formed when the bacterial solutions are treated 
with strong oxidizing agents; these products agree with the reversiblj' o.xidized 
form in that they have lost the original hemolytic property, but differ in that the}’’ 
cannot be reconverted to the original form by test-tube reduction. The irreversi- 
ble, inactive modifications are not so easily produced from pneumococcus hemo- 
toxin as are the similar products derived from the hemotoxins of tetanus and 
W'elch bacilli (2, 3). (With the latter substances, the irreversible products arc 
formed so readily that it is difficult to induce the formation of tlie reversible 
product without at the same time causing tlie formation of some of the irreversible 
products.) 
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Expsriments were made to determine whether the changes in pneumococcus 
hemotojdn which are involved in the formation of the irrev’ersible products cause 
a loss of the antibody-invoking property. The hemotoxin solution v.-as exposed 
to 0.5 molar Hi02 ("Dioxogen” diluted in phosphate solution) for 7 days at 
31°C. It was desired to eliminate the HjO* at the end of this period of exposure 
so that it would not interfere with the reduction tests to be made for the presence 
of the reversible product of the hemotoxin. In order to accelerate the “sponta- 
neous” deterioration of the HiOj, the mixture was exposed for 3 days to intense 
summer sunh'ght in addition to the 7 days storage at 37°C. in the dark. After 
this treatment, all the hemotoxin had been converted to irreversible modifications 
and the H 2 O 2 d^troyed. 

Four rabbits were immunized with the doses used in the preceding experiment, 
but none of them developed any detectable antihemotoxin. 

The results showed that the irreversible products formed by treat- 
ment with strong H2O2 were devoid of the antibody-invoking property 
of the original hemotoxin. While there is a striking contrast between 
the antigenicity of the reversibly oxidized modification and the non- 
antigenicity of the irreversible products studied in this particular 
experiment, it is possible that other irreversible products which retain 
antigenicity are formed by other agents than those employed in our 
experiments. It must be remembered that drastic treatment was 
employed to convert the first formed reversible modification to the 
irreversible modification. Treatment of any antigenic substance with 
high concentrations of H2O2 is likely to cause profound changes in the 
molecule,^ changes indeed which frequently involve hydrolysis or 
splitting of the mo'ecule as a whole in distinction to oxidation of indi- 
vidual groupings without profound changes in other parts of the 
molecule. Hemoglobin, for example, ■when treated with the proper 
o.xidizing agent, is converted quantitatively to methemoglobin (also 
a reversible product), but if treated 'with a high concentration of 
H2O2, a part of the hemoglobin (or more properly, a part of the methe- 
moglobin) is split to globin and hematin (10). One must distinguish 

' IMiile the exposure to 0.5 mokr H 2 O 2 v.hich results in loss of antigenicity of 
the hemotoxin v.ould also partially convert hemoglobin to (reputedly) anti- 
genically ineffective products, it was not an unreasonably drastic treatment 
with which to treat the hemotoxin. It -will be shorni in a later paper that the 
same treatment does not result in a comparable loss of the antigcnidty of certain 
other protein substances which give rise to anti-pneumococcus-protein precipitins. 
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between these two types of dninges in the treatment of antigens with 
different oxidizing agents. Pneumococcus hemotoxin, for example, 
is converted to a hemolytically inactive but antigenically effective 
modiffcation when the oxidizing agents are properly chosen, as shown 
by the above results, but treatment with other oxidizing agents yields 
a^product which is not only hemolytically inactive, but also antigeni- 
cally ineffective. 

It is important not to emphasize any apparent correlation between 
the reversibility of the hemolytic property of hemotoxoids and tlieir 
retention of antigenicity, for wliile tlie two products differ from each 
other from the standpoint of hemolytic activity, in that one is rever- 
sibly inactive and the other is irreversibly inactive, this is probably by 
no means the only difference between them. Indeed, from a funda- 
mental point of view, the reversibility of the one product and the 
irreversibility of tlie second are important simply as an index that the 
first product has suffered less profound molecular changes, and hence 
is more likely to retain the antigenic properties of the original sub- 
stance. The dangers entailed in the assignment of antigenic effects 
to prominent toxic properties are evident from analogy witli the anti- 
genic properties of hemoglobin, methemoglobin, and globin (11, 12). 

Although methemoglobin has lost the most prominent property of 
the original hemoglobin, the loss of the oxygen-combining property 
caused by the change in tlie valency of the iron is not accompanied by 
clianges in tlie antigenically effective groups of tire complex protein 
molecule. Since the oxygen-combining property is just as important 
a property to hemoglobin as is hemolysis to the reduced hemotoxin, 
it is no more remarkable for the reversibly oxidized hemotoxin to 
undergo clianges affecting the hemolytic property without alteration 
of its antigenically active groupings. Similarly, the loss of antigenic- 
ity by the irreversible products of the hemotoxin is probably due not 
to the fact that it does not regain hemolytic activit}'' upon reduction, 
but simply to the fact that the hemotoxin molecule as a whole has 
undergone profound changes which include alteration of the antigeni- 
cally effective groupings; just as the reputed lack of antigenicity on 
tlie part of globin is due not to tlie fact that it cannot regain its oxygen- 
combining activity, but to the fact that it is a split product of the origi- 
nal antigenic hemoglobin. 
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Experiments on the Anlibody-Iivooking Properties of Heat-Inactivated 
Modification of the Hemotoxm. 

Two rabbits were immunized with hemotoxin solution which had 
been inactivated by exposure to 55°C. for 6 minutes and two others 
with solution boiled for 10 minutes. One animal in each series was 
given two courses of subcutaneous injections of 0.2 cc.; this was 
equivalent to the maximum immunization employed in previous 
experiments. The immunization of the other animal in each series 
was continued for 7 months, and consisted of eight courses of five or 
six injections of 0.2 cc. with one rest period of 2 months in addition 
to the usual periods of 8 or 9 days between each course. 

None of the animak immunized with the heat-inactivated modifica- 
tions developed any detectable antihemotoxin. The failure to re- 
spond to the prolonged immunization indicated that the loss of anti- 
genicity was absolute. While a quantitative decrease in the effective- 
ness of heated antigens is common experience, the complete loss of 
antigenicity after short periods of exposure to 55°C. is an unusual 
example of the effect of heat upon bacterial substances. 

Anlihoiy-Comhining Properties of the Dijferent Modifications of 
Pneumococcus Hemotoxin. 

That the reduced (hemolytically active) form of the antigen possesses the 
property of combining with the antibody, can be regarded as an established fact, 
since its neutralization fay combination with the antihemotoxin was the basis of 
the tests of the antihemotoxin content of the immune serum studied in the pre- 
ceding experiments. The object of the following experiments was to determine 
whether or not the different modifications of the hemotoxin (antigen) which have 
lost the hemolytic property of the ori^al antigen, still retain the property of 
combining with the antibody. 

The experiments consisted of a comparison of the amount of immune serum 
required to neutralize a constant dose of active hemotoxin imder the following 
four sets of conditions: (I) test mixtures containing the constant dose of active 
hemotoxin but no inactive derivatives of the hemotoxin; (2) test mixtures con- 
taining an equivalent amount of the reversibly oxidized form of hemotoxin in 
addition to the dose of active hemotoxin; (3) test mixtures containing an equal 
amount of the irreversibly “oxidized” products in addition to the active hemo- 
toxin; (4) test mixtm-es containing an equal amoimt of the heat-inactivated 
products in addition to the active hemotoxin. 

Four solutions were prepared, 1 cc. of which contained, respectively: Solution 
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I: S “units” active liemotoxin; Solution II: 5 “units” of active hemotoxin 
plus 5 “units” of the reversibly oxidized form; Solution III: 5 “units” of active 
hemotoxin plus 5 “units” of the irreversibly oxidized products; Solution IV: 
5 “units” of active hemotoxin plus 5 “units” of heat-inactivated products. 1 cc. 
amounts of the four solutions were put into diflcrent scries of tubes. Dilutions 
of immune serum (containing antihemotoxin) were prepared so that 1.0 cc. of the 
respective dilutions contained the following increments of serum: 0.10, 0.067, 
0.050, 0.0^0, 0.030, 0.020, 0.016, 0.010 cc. 1 cc. of each of the scrum dilutions 
was then added to the four series of tubes which contained, respectively, Hemo- 
toxin Solutions I, II, III, IV. The rest of the procedure was identical wilh that in 
previous e.xperiments, the four series of hemotoxin-serum mixtures being incu- 
bated for 45 minutes at 25°C. before the addition of the red blood cells. 

Controls of AcHve Hemotoxin Content of the Solutions Utilized in the Neutraliza- 
tion Tests. — ^It was essential to prove that the different hemotoxin solutions did 
not differ significantlj^ in their content of active hemotoxin solution when tested 
in the absence of immune scrum. This control was especially important in the 
case of Hemotoxin Solution II since there frequently are significant traces of the 
active or reduced form persisting in the o.xidized e.ctracts containing the re- 
versibly oxidized form of the hemoto.xin. (The oxidized extract itself was 
examined for the presence of the active or reduced hemotoxin, and was chosen 
for use in this experiment because of the almost complete absence of active 
lysin, 0.20 cc. of the undiluted extract causing only traces of hemolysis in 2.0 cc. 
of 1 per cent red blood cells; the amount (0.015 cc.) used in the experiment proper 
was entirely without hemolytic effect.) 

The results are condensed in Table IV. 

Several e.xperiments of another t 3 'pe were also made in which the active hemo- 
toxin was added to previously incubated mixtures of serum and inactive hemo- 
toxin, instead of incubating the immune senmi with mixtures of active and 
inactive hemotoxin. From analogy with the Danj'sz phenomenon which occurs 
in the fractional addition of toxin in toxin-antitoxin mixtures, one would e.xpect 
this second set of conditions to emphasize the difference between the amount of 
serum required to neutralize the active hemotoxin alone and the amount required 
for the active hemotoxin plus inactive forms which imite with the antihemotoxin. 
Our results in the latter type of experiments, liowever, were not significant!}' 
different from those obtained when the active hemotoxin was added to the 
serum mixture at the same time as the henioto.xoid. Since the results were 
practically the same as tliose shown in Table W, no protocol need be presented. 

Table IV shows tliat when the reversibly oxidized products were 
present in the serum mixture during the period allowed for neutraliza- 
tion of the active hemotoxin, a larger amount of immune serum was 
required for the neutralization than when an equal dose of the active 
form of the hemotoxin was incubated with serum alone; but that tlie 
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presence of either one of the other two hemolytically inactive modi- 
fications was without effect upon the neutralizing dose of the immune 
serum. These results indicate that the reversible oxidation products 


TABLE IV. 

Ailiihody-Comhining Properties of Different Modifications of Pneumococcus Hemo- 
toxin; Effect of the Presence of Inactive Modifications of the Hemotoxin upon the 
Amount of Immune Serttm Required for the Neutralization of a Constant 
Dose of the Active Hemotoxin. 



Tests of rmoval of cfTective antibody 
(aatihemotoxin) by combination with inactive fonns 
cf the anlisea (hemotoxin) 

Controls; to prove 
that all test solu- 
tions centamed ap- 
proximately the 
sameamoentof the 
hemolytically 
actist form of the 
hemotoxin 

Hcmotoiia 

solutioas 

Test dose employed in the titrations 
against iinrauae sertira 

KemolysU by constant 
dose of the hemotoxin sola* 
tloa when incubated la 
presence of different 

1 amounts cf immune 
serum, before addition 
j of red blood cells 

Hemolysis by 
different amounts 
of the hemotoxin 
solutions, tested in 
absence of immune 
serum, sgainst 
cc. of 1 percent 
red blood cells 



Amount of serum, cc. 

\ 

Amount of hemo- 
toxin solution, cc. 

1 



O.OJO 

0.016 

0.24 


o.os 

Solution 

j 1 

5 units of active hemotoxin alone 

0 

0 

1 1 

1 + 

< * f 

T-T-r 

“T 

0 

Solution 

n 

5 units of active hemotorin plus 
an equivalent amount of its 
inactive, reversibly oxidized ^ 
products ; 

J- 

[t+t — h 

+ + + + 

J— i— L 
• * % 

-I- 

1 

1 

1 

1 

0 

Solution 

m 

5 units of active hemotoxin plus 
an equivalent amount of its 
inactive, irreversibly oxidized 
products 

0 

0 

1 

-f +-r 

J— i-_i- 

1 1 t 

4" 

0 

Solution 

rv 

5 units of active hemotoxin plus 
an equivalent amount of its 
heat-inactivated products 

0 

0 

1 

-f-f-h 

! 

4-4“— 

* 

0 


0 = no hemolysis. 

± = trace of hemolysis. 

+ = hemolysis approximately one-fourth complete. 

+ -f = hemolj-sis approshnately one-half complete. 

+++ = hemolysis appro.rimately three-fourths complete. 

■h + + -f = complete hemolj'sis. 
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of the hemotoxin, although they have lost the cell injury (hemolysis) 
property, retain the property of uniting witli the antibody; and that 
the other “inactive” modifications of the hemotoxin have lost not only 
the hemolytic property but also the property of combining with the 
antibody. 

It is significant that the same two modifications of the hemotoxin, 
the hemol 3 >-tically active reduced form and the hemolytically inactive, 
reversibly oxidized form, which possess the property of invoking anti- 
bodies in vivo, are also tlie ones which combine with the antibody in 
vitro; and that the other two modifications, •which are devoid of the 
antibod^'-'invoking property, are likewise devoid of the antibody-com- 
bining property. The same correlation between the two properties of 
antigens seems to be established for diphtheria toxin since it is the 
basis of the Ramon flocculation method for measurement of the total 
antigenically effective products (toxin plus effective toxoid). 

It is important to note that the “constant dose” of active hemotoxin in the 
four hemotoxin solutions in Table W is based upon measurements which detect 
on!}’ the active form of the hemotoxin. Thus, while all the solutions contain the 
same amount of the hemolytically active form, the amount of total hemotoxin 
(f.c., active plus inactive modifications) is in fact only half as great in Hemo- 
toxin Solution I (where all the “total hemotoxin” is active) as in Hemotoxin 
Solutions II, in, IV (where only half of the “total hemotoxin” is hemolytically 
active). With the true toxins, when the toxin content is based upon m.l.d., 
the conditions are much the same (f.c., the m.l.d. detect only the part of the 
“total toxin” which is still in the “active” form); and the amount of immune 
serum required for the neutralization of a “constant dose” of the “active” antigen 
is likewise increased by the presence of its non-to.xic but antigenically effective 
modifications. 

DISCUSSION. 

The following modifications of the antigen (hemotoxin) were studied : 
(1) the original, active substance; (2) the inactive, reversible oxidation 
product formed by exposure of hemotoxin solutions to air; (3) the 
inactive, irreversible products formed by prolonged treatment with 
high concentrations of H 2 O 2 ; (4) the inactive products formed by 
heat. 

The first experiments compared the antibody-invoking property of 
the hemolytically active (reduced) form of the antigen with that of the 
hemolytically inactive, reversible oxidation products. Tw'O series of 
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animals were immunized; one series, with unosidized hemotoxin 
solutions in which 100 per cent of the total antigen was present in the 
reduced state; a second series, with oxidized solutions in which more 
than 90 per cent of the total antigen was present in the reversibly- 
oxidized state. Equal doses of the oxidized and unoxidized solutions 
invoked like immimity responses, and the traces of the reduced hemo- 
toxin contained in the larger doses of the oxidized solution were 
shown to be quantitatively insufficient to account for the antibody 
production. Although it is possible that the antigenic effectiveness of 
the oxidized form was increased by the presence of traces of the re- 
duced form, the evidence indicated that the antibody-invoking proper- 
ties of the reduced and reversibly oxidized forms of pneumococcus 
hemotoxin are identical, and that the hemolytic properly of the antigen 
is not essential to the stimulation of the neutralizing antibody. 

In contrast to the apparent identity of the antibody-invoking 
properties of the reduced and reversibly oxidized forms of the hemo- 
toxin, the irreversible products formed by treatment -with strong 
HiOi proved devoid of antigenic properties ; but the failure of antibody 
response to the type of strongly oxidized material used in these experi- 
ments does not constitute evidence that the reversibility of the inac- 
tive products is correlated with the antigenic fimction, for other irre- 
versible products possessing antigenic properties might be formed by 
other agents. The important fact is that the products ydelded by 
one oxidation treatment (that induced by the peroxides formed in the 
aerated bacterial extract) were hemolytically inactive but antigeni- 
caUy effective, and that the products yielded by more drastic treat- 
ment were devoid of antigenic properties. Thus, unless the treatment 
he properly chosen, the antibody-invoking properties may be de- 
stroyed by the processes employed to destroy the toxic properties of 
the original antigen. This fact is of interest in connection with the 
mechanism of toxoid inmnmization. In many instances when toxoids 
are used for immunization, the response is most effective when traces 
of the original active substance are present in the material injectedinto 
the animals; and it is sometimes suggested that these traces of active 
substance, although by themselves quantitatively insufficient to in- 
voke antibody production, may accelerate the response to the non- 
toxic to.xoid. However, from analogy with the differences in anti- 
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gcnicity of the di/Tcrcnt modifications of pneumococcus heniotoxin, it 
is probable that the less cfTcctivencss of toxoid fluids which contain no 
traces of active toxin is due simply to the fact that a considerable 
portion of the antigcnicallj’’ effective toxoids arc always transformed to 
ineffective products whenever the treatment is violent enough to 
inactivate all traces of active toxin. 

The results of the comparison of the different modifications of hemo- 
to.xin from the standpoint of the antibody-combining property were 
similar to the results of the comparison of their antibody-invoking 
properties. The same modifications of the hemotoxin (the reduced 
and the reversibly oxidized forms) which possessed the antibody- 
invoking property also possessed the antibody-combining property; 
and the other two modifications whicli were devoid of antibody- 
invoking properties hi vho were likewise devoid of the antibody-com- 
bining property in vifro. The fact that one of tlie modifications which 
possessed the two antigenic properties was hemolytically inactive is 
evidence tliat the groups of the hemotoxin molecule in which the anti- 
body-combining property and the antibody-invoking property are 
resident are not necessarily altered by processes which inactivate tlie 
molecular groupings responsible for the cell injur}'- function of the 
original antigen. The lack of antigenic properties on the part of the 
other two hemolytically inactive modifications is evidence that the 
treatment employed to alter the toxic property of the molecule must 
be properly chosen to avoid profound changes in the molecule whicli 
affect antigenically effective groupings. In this sense, from a purely 
immunological aspect, the reversibility of the hemolytic activity of 
the antigenically effective oxidation product of pneumococcus hemo- 
to.xin is important, simply as an inde.x that the change of the antigen 
molecu’e has not been a profound one. 

The fact that some of Uie non-toxic modifications of antitoxinogens 
can retain tlie antigenic properties of the original to.xic antigen raises 
tbe question of whether or not there is any essential hnmnnological 
difference between the antitoxinogen or primarily toxic t}'pe of anti- 
gen and the sensitizing or non-toxic type of antigen.- The most 

-Zinsser’s (13) separation of tlie antitoxinogens from other antigens serves 
its intended purpose as a convenient basis for the inclusive treatment of the 
sensitizing antigens in a smgle group, but it should not be misinterpreted to 
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fundamental distinction between them lies in the fact that the anti- 
toxinogens alone have the property of combining with and injuring 
specific cells, which is a pharmacological rather than an mununolo^- 
cal property. All antigens must possess the fundamental property 
of stimulating the animal body to produce a specific antibody, and the 
method of stimulation maj’- be the same for all. 


indica'e es ential difTerer.ces heUveea the two groups of antigens from the stand- 
point of antibody stimulation, nature or mode of antigen-antibody reaction, or 
other immunological reactions. The distinction is based almost entirely upon 
the specific ceU-injuring properties of the one group and the absence of such 
properties in the other — a criteiisn not intended to separate the antitOMOgens 
from Other antigens regardless of the possibility of more fundamental chemical 
and immunological relationships. 

The conception of the “essential identity” of sensitizing antibodies, derived 
from one antigen but detected in difiierent systems, can in many respects be pro- 
jected to indicate fundamental likenesses between all antibodies. The usual 
distinction between the two tj-pes of antibodies (antitoxins and sensitizing anti- 
bodies) depends upon differences between the properties of the antigen-antibody 
compounds and the properties of the specific antigens. With the toxin-anti- 
toxin compounds, the prominent change is in pharmacological properties; with the 
other antigen-antibody compounds, it is usually a change in physical properties. 
But the physical properties of toxin-antito.xin can also differ from those of the 
toxin as exemplified in the Ramon flocculation; and some hj’persensitive phe- 
nomena might be interpreted as due to the acquisition by the sensitizing antigen- 
antibody compounds of pharmacolo^cal properties not possessed by the antigens. 
In a certain sense, “neutralization” as well as “agglutination” can be considered 
as a phenomenon secondary to the actual combination of antigen and antibody. 
The lack of toxicity of toxin-antitoxin compounds is essentially a fortimate 
circumstance employed to detect the combination of these antigens with their 
antibodies, just as the change in physical properties is a convenient means of 
observing the union of agglutinogen with agglutinin. If differences in the test 
systems frequently obscure the identity of the sensitizing antibodies in spite of 
the essential likeness of their antigen-antibody combinations, differences in the 
test systems may also obscure fimdamental likenesses between the antitoxinogens 
and other antigens. 

MTiile the quantitative relations between antitoxinogens and antitoxins are 
usually more distinct than with other antigens, the application of the rule of 
“neutralization by multiple proportions” to the explanation of many phases of 
toxm-antitoxin titration curves or to the Danysz phenomenon is just as difficult 
as the explanation of the quantitative relationships between the other antigens 
and their antibodies. 
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Although no definite evidence is available, it is highly doubtful, at 
least in the case of some antitoxinogens, whether tlie particular cells 
for Avliich they are specifically toxic liave anything to do with antibody 
production. Hemotoxins, for example, are considered to belong in 
the antitoxinogen class of antigens because they have the specific 
property of combining with and injuring cr^dhrocytcs, but from their 
nature it is unlikely that red blood cells can be the agents of antibody 
production. If tlie mechanism of antibody production with antitoxino- 
gens is essentially tlie same as witli sensitizing antigens (i.e., a similar 
response to stimulation by specific antigenic groupings of a foreign 
protein rather tlian a defensive response to stimulation by the groups 
responsible for tlie toxic property), tlien the antigenicity of modifica- 
tions of toxic antigens would be deteimined by the same conditions 
tliat determine the antigenicity of derivatives of all antigens. While 
tlie specific toxicity is the most prominent property of all antitoxino- 
gens, the loss of one prominent and characteristic property without 
loss of antigenicity is a set of conditions wliich also occurs among the 
sensitizing antigens. For example, tlie oxygen-combining property is 
just as important and prominent a property of the hemoglobin mole- 
cule as is the specific cell injur}’' property of toxin molecules; and yet, 
the loss of tlie oxygen-combining property by methemoglobin is not 
accompanied by loss of the antigenic properties of hemoglobin. While 
it cannot be said that the pharmacological action of toxins has no 
more to do with the production of antitoxin tlian the oxygen-combining 
property of hemoglobin has to do with the production of antihemo- 
globin precipitins, the prominence of any one particular property of a 
complex molecule implies no relation to its antigem’dty. Fundament- 
ally, the antigenicity of toxoids requires no other explanation than 
tliat for metliemoglobin, i.e., that any substance can lose any one of 
its properties without loss of antigenicity provided the alteration does 
not include changes in tlie antigenically effective groupings nor ren- 
der it insoluble in the body. From this standpoint, the antigenic 
effectiveness of the reversibly oxidized modification of the hemotoxin 
requires no assumption of the possibility of its reconversion to the 
hemolyticall)'- active form by ^n vivo reduction. 

On the other hand, one cannot dismiss the possibility that the cells 
of certain tissues might be able to reconvert the inactive derivatives 
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to the original active substance. While evidence is lacking that the 
reversibility of toxoids is related at all to antigenicity, the different 
cells and different tissues of the body present a variety of systems 
■which are kno-wn to differ in acidity and other factors, and which 
consequently might differ in their capacity to reconvert inactive tox- 
oids to the original form of the antigen. It does not seem at all im- 
possible for at least some of the cells or tissues responsible for anti- 
body production to present the requisite conditions for the reversal 
of toxoids to the original toxin, and yet for the particular cells vrith 
which the toxin is pharmacologically reactive to be devoid of the 
conditions required for the reconversion. However, -conjectures from 
this aspect are futile in ■view of the almost complete lack of knowledge 
of the site of antibody production. 

SUMMARY. 

The foUo^wing modifications of the antigen (pneumococcus hemo- 
toxin) were studied: (1) the hemoljrticaUy active (reduced) substance; 
(2) the hemolytically inactive, reversible oxidation product; (3) the 
inactive irreversible products formed by treatment ■with high concen- 
trations of HjOj; (4) the inactive products formed by heat. The 
antibody-invoking property of the reversibly oxidized form seemed to 
be identical ■with that of the original, hemol 3 d;icaIly active or reduced 
form; neither of the other two hemolytically inactive products in- 
voked antibody production. The same modifications of the antigen 
which exhibited the antibody-invoking property in vivo possessed the 
antibody-combining property m vUro; and the modifications which 
lacked the one property also lacked the other. E'vidence is presented 
that the groups of the hemotoxin molecule in which the true antigenic 
properties are resident are not necessarily altered by processes which 
inactivate the groupings responsible for the toxic (hemolj'tic) action 
of the origmal antigen. The lack of antigenic properties on the part 
of the other two hemolytically inactive modifications is e’vidence that 
the treatment employed to alter the tome property of the molecule 
must be properly chosen to avoid profound changes which affect the 
antigenically efi'ective groupings. From an immimological point of 
■view, the reversibility of the antigenically effective oxidation product 
of pneumococcus hemotoxin is important as an index that the loss of 
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toxicity (hemolysis) was accomplished witliout a profound change in 
tlie molecule. 

The theoretical significance of the antigenicity of non-toxic 
modifications of to.xic antigens is discussed. 
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INTRODUCTION. 

The preceding paper (1) dealt with a comparison of different 
modifications of pneumococcus hemotoxin, from the standpoint of 
properties (antibody-invoking and antibody-combining) which are 
possessed in co mm on by all true antigens. The present paper deals 
with the cell injury (hemolysis) property of the hemotosin, a property 
which in a sense is the criterion of distinction between the antitoxino- 
gens and other antigenic substances, the specific toxicity of the hemo- 
toxin for erythrocytes being analogous to the selective toxicity of 
diphtheria and tetanus torin for other tissue cells. 

Hemolysis by pneumococcus hemotoxin, like cell injury by true 
toxins, indudes two reactions: (1) combination of the toxic substance 
with the cell for which it has spedfic affinity, (2) injury of the cell 
with which it has combined. The following investigation dealt 
especially with the combination of the hemotoxin with the erythrocyte. 
Experiments were made to determine whether the reversibly oxidized 
form, although hemolytically inactive, retains the property of com- 
bining with red blood cells. Since it was possible to separate the 
combination and injury reactions, a nxunber of experiments were also 
made upon the factors involved in the erj'throcyde-combining reaction 
of the active form of the hemotoxin. Although these experiments 
were not suitable for a study of the kinetics of the hemolytic reaction, 
a munber of salient facts were revealed which are of some theoretical 

755 



756 


OXIDATION AND DEDUCTION. IX 


interest in connection with the mechanism of liemolysis by pneumo- 
coccus hemotoxin. 


EXPERIMENTAL. 

Ahsorplion of Oxidized and Uiwxidizcd IJcmoloxin Solutions loilh 

Red Blood Cells. 

It is known tlmt the reduced form of the hemotoxin is hcmoij’tically active 
and that the reversibly oxidized form is hemolytically inactive (2). The follo^ving 
experiment was made to determine whether the reversibly oxidized modification 
can combine with the blood cell even though it cannot induce its final hemolysis. 
In a previous paper (3) the combination or union of the active form of the hemo- 
toxin with tlic blood cell was demonstrated by experiments similar to those 
emplo 3 'ed bj^ earlier workers with other hemotoxins. The new feature intro- 
duced in the following.expcriment consists in the application of reduction treat- 
ment to the absorbed fluids as a means of determinmg whether or not the 
hemolytically inactive o.xidizcd hemotoxin had been removed from the test 
system bj' combination with the blood cells. This method offered a means of 
obtaining more direct evidence of the combining properties of the hemolytically 
inactive hemotoxoids than has hitherto been possible. 

Two solutions of hemotoxin were used in the experiments: (1) an o.xidlzed 
solution in which almost all the hemotoxin had been converted to the reversibly 
oxidized (hemolj'tically inactive) modification; (2) an unoxidized solution which 
contained only the reduced or hemolytically active form of the hemotoxin. Each 
of these solutions was diluted with 19 volumes of sterile salt solution. The 
dilution was necessar}' for two reasons: to prevent hemolj'sis during the absorp- 
tion period since hemob^sis occurs even at 0°C. if the hemotoxin concentration is 
too great; and to retard the oxidation of the reduced or active hemoto.xin since 
the rate of oxidation is directly related to the concentration of the bacterial 
extract. One half of each solution (oxidized and unoxidized) was absorbed with 
erythrocytes; the other haK was not absorbed and serv'ed as a control. 

The procedure in the absorption proper was essentially the same as in the 
previous study (3). 3 cc. of blood cells were added to 30 cc. of the diluted oxi- 
dized solution and likewise to the diluted imoxidized solution. In order to test 
the effect of absorption at different time intervals, 7 cc. samples were removed from 
each of the tests and controls at the end of 1, 2, and 3 hours, and centrifuged to 
remove the blood cells. The hemotoxin titrations of the supernatant fluids in- 
cluded measurements of the fluids before and after treatment with the reducing 
agent emploj'ed to convert the hemolytically inactive oxidized form to the original 
active substance. 

Since the separation of the "combination” and “injury” reactions is entirely 
dependent upon differences in the speeds of the two reactions at low temperatures, 
the most rigid temperature precautions are essential to the success of e-xperiments 
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of this 4136 . In addition to holding the absorption mixtures themselves in an ice 
bath at 0°C., all apparatus (pipettes, etc.) was kept in the ice box at 2°C.; the 
entire manipulation including the centrifugation was also carried out in a room at 
this temperature. 

The absorption of the reduced (active) hemotoxin from the unoxidized solution 
was complete in all the tests, and the protocol of the experiment (Table I) includes 
only the results of the absorption of the oxidized hemotoxin solution. 


TABLE I. 

Effect of Absorption sjoUh Red Blood Cells upon the Hemotoxin Contained in 
Oxidized Hemotoxin Solutions. 



Hemotoxin measure- 

Hemotoxin measurements after treatment with reducing agent 


ments before treatment 
with reducing agent 


Solutions receiving one absorp- 
tion treatment 

"Reabsorbed** 

solution 

Amount of 
hemotoxin 
solution 








tJnabsorbcd 
control 
(1 hr. and 
3hrs.) 

Absorbed 
with ery- 
throcytes 
(1 hr. and 
3hrs,) 

Unabsorbed 
control 
(I hr. and 

3 hrs.) 

Absorbed 
for 1 hr. 

Absorbed 
for 2 hrs. 

Absorbed 
for 3 hrs. 

Sterna tant 
fluid of mixture 
absorbed for 3 
hrs,, reabsorbed 
with fresh cells 
for a second 
period of 3 hrs. 

cc. 

0.12 

■ 

0 

++++ 

+-1 — b+ 

++++ 

++++ 

++++ 

0.06 


0 

-b++-r 

++ + 

+++ 

++-b 

++-b 

0.04 


0 


-b+ 

++ 


++ 

0.02 

mSm 

0 

-b+++ 

J- 

+ 

“T 


0.01 


0 

-b+++ 

0 

0 


0 

0 002 

■■ 

0 

-b 

0 

0 

0 

0 


0 = no hemolysis. 

+ = hemolysis approximately one-fourth complete. 

-b -f = hemolysis approximately one-half complete. 

+ -b -b = hemolysis approximately three-fourths complete. 
+ + -b -b = complete hemolysis. 


The results showed a distinct difference in the effect of absorption 
upon the hemotoxin contained in the oxidized and in the unoxidized 
solutions. The active, reduced hemoto.xin was completely removed 
from the unoxidized solution at the end of 1 hour’s absorption with 
red blood cells at 0°C., while as shown in Table I, the absorption 
treatment removed only part of the hemotoxin in the oxidized solu- 
tions. 

One important point to be decided is whether or not the removal of 
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Iiemoloxin from the oxidized solution depends upon an intrinsic 
ability of certain oxidized modifications of the hemotoxin to combine 
with tlie blood cell without causing its hemolysis. The proportion 
of the total hemotoxin removed by the absorption is too large to be 
explained by the direct combination of the slight traces of active 
hemotoxin which probably always persist in reversibly oxidized 
solutions at the end-point of the oxidative reaction. It might still 
be suggested that the hemotoxin removed from the oxidized solution 
consists of reduced liemoto.xin obtained by a gradual reversal of the 
oxidized form during the absorption period. However, this e.v- 
planation docs not seem tenable for, if it were true, the time of absorp- 
tion should influence the degree of completeness with which the 
hemotoxin was removed; and the actual results (Table I) show that 
the hemotoxin was removed as completely at the end of 1 hour as at 
the end of 3 hours. JMoreover, the blood cells themselves when 
resuspended after their removal from the oxidized hemotoxin absorp- 
tion mixtures do not hemolyze as would be the case if it were the 
reduced or active form of hemotoxin whicli had combined with the 
erythrocytes.* 

The above facts indicated that the hemotoxin removal was due to 
a real combining property of the oxidized hemotoxin. The next 

* In contrast to tlic prompt reactivation of the hemolytic property wlien solu- 
tions of the oxidized form arc treated with a reducing agent, negative results were 
always obtained in attempts to reactivate tlie o.xidized hemotoxin after it had 
combined with the crytlirocytcs. Although a number of such e.xperiments were 
made, the conclusivcness of the results may be complicated to some extent by the 
fact that the Oj contained in the HbOj of the blood cells made it necessarj’’ to 
employ relatively large amounts of NajSnOi in order to establish reducing con- 
ditions in the test sj'^stems. 

Further experiments are necessary in order to settle this question, but the fact 
that it is possible to reconvert the oxidized hemotoxin to the active form by re- 
duction when in solutions by itself, does not indicate at all that the oxidized 
hemotoxin can likewise be reduced after it has combined with the blood cell. It 
is kno^vn that free (deoxygenated) hemoglobin is much more rcadib’^ oxidized than 
is hemoglobin after it has combined with either oxj’-gen or carbon monoxide (4, 5). 
We have also obtained evidence (6) tliat the reduced hemotoxin is oxidized with 
greater difficulty when combined with the blood cell than when it is in solution 
alone; and it is equally possible that the oxidized hemotoxin when combined with 
tlie erj'throcyte is in a condition which renders its reduction more difficult. 
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question to be decided vras -why only part and not all, of the oxidized 
form was removed by the absorption treatment. Two possibilities 
were suggested; (1) that the final equilibrium between the free oxi- 
dized hemo toxin and that combined with the blood cell is different 
from that obtaining for the reduced hemotoxin, and that a considerable 
amount of the oxidized hemotoxin remains uncombined when the 
equihbrium is established whether at the end of either 1 or 3 hours; 
(2) that the reversibly oxidized hemotoxin exists in different modi- 
fications, some possessing and others lacking the property of combining 
with the blood cell. In order to determine which of these possible 
explanations was valid, an oxidized hemotoxin solution was subjected 
to two repeated absorptions, the supernatant fluid of the first absorp- 
tion mixture being reabsorbed with fresh blood cells for a second 
period of 3 hours. The results of this experiment are summarized in 
the last column of Table I, and show that the oxidized hemotoxin left 
in the solution after the first absorption was not appreciably affected 
by the second absorption. These results indicated that the reversi- 
bly oxidized hemotoxin, which we formerly considered as one modifi- 
cation of the hemotorin, consists in fact of at least two different 
modifications, both lacking the complete property of hemolysis, but 
only one retaining the property of combining with the erythrocyte. 

In previous papers, the oxygen-combining activity of hemoglobin and the 
corresponding inactivity of methemoglobin have been compared to the hemolytic 
activity of reduced hemotoxins and the inactivity of their reversible oxidation 
products. It is interesting to observe that the existence of the two different 
modifications of the reversibly oxidized form of the hemotoxin makes it impossible 
to continue the analogy upon the basis of oxygen-combining and erythrocyte- 
combining properties. The reduced (ferrous) hemoglobin and the reduced hemo- 
to.tin both possess the combining property, and methemoglobin and the second 
modification of the reversibly oxidked hemotoxin both lack the combining prop- 
erty. But there is no known reversibly oxidized modification of hemo^o- 
bin which retams the original oxj'gen-combining property to correspond with 
the reversiby oxidized hemotoxin modification which retains the erj-throc^'te- 
combining property. 

Absorplion of a Coustanl Dose of Rcmoloxin by Differeui Aviounls of 

Red Blood Cells. 

Ii\ connection with the investigation of the combining properties of the hemo- 
toxin, a number of experiments were made upon the relation of the combining 
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reaction to the hemolytic action as a whole. The following c.Tperiment dealt 
with the effect of varying concentrations of blood cells upon the combination of 
the hemoto.Kin with the erj'throcylcs. Tlircc tubes containing an equal amount 
of diluted hemotoxin solution were absorbed, respectively, with 0.1 cc., 0.5 cc., 
and 2.0 cc. of red blood cells. The constant amount of hemotoxin was known to 
be sufTicicntly great to cause the complete licmolysis of the largest amount of 
blood cells employed in the c.xpcrimcnt, if incubated at 37°C. The crux of the 
experiment, therefore, consisted in determining whether or not smaller numbers of 
blood cells (1/4 and 1/20 the maximum number) can combine with much larger 
amounts of hemotoxin than arc required for their hemolysis. 

10 cc. of diluted hemotoxin solution were added to eacli of four tubes: 0.1 cc. 
of blood cells was added to Tube 1; 0.5 cc. of blood cells to Tube 2; 2.0 cc. of 
blood cells to Tube 3; Tube 4 scr\'cd as unabsorbed control. The absorption 
mixtures were held at 0°C., with frequent gentle stirring or shaking. Tests for 
the completeness of absorption were made at the end of 45 minutes, 6 hours, and 
20 hours. The absorbed cells obtained from centrifuged samples were resus- 
pended in cold (O^C.) salt solution. (All the supernatant fluid had been removed 
with capillary pipettes from the layer of sedimented cells to insure that no un- 
combined hemotoxin would be taken up in tlie resuspension of the blood cells. 
As an additional precaution, the walls of the tube and the surface layer of the cell 
residue were also washed carefully w'ith cold salt solution.) The suspensions 
from the absorption mixtures where 0.5 cc. and 2.0 cc. of erjdhrocytes had been 
employed, were diluted with salt solution, so that all three suspensions had ap- 
proximately equal concentrations of blood cells during the following tests for 
hemolysis. 

The suspensions of absorbed cells (erythrocytes combined with hemotoxin) were 
then held for 30 minutes at 0°C., 30 minutes at 25°C., and 30 minutes at 38°C. 
The lower temperature of incubation was emplo 3 'ed to minimize the possibility of 
inactivation of the hemotoxin during the tytic process. At the end of this incu- 
bation, the tests were centrifuged and the supernatants compared colorimetrically 
with hemoglobin standards prepared by complete laking of like suspensions of 
erythrocytes; the centrifuge tubes were also examined for the presence of im- 
hemolyzed cells. 

Altliough the above tests were made at tlie end of 45 minutes, 6 hours, and 
20 hours, the absorption proved to be complete at the end of 45 minutes and the 
results of the three tests Avere the same. 

Two facts were shown by the results of this experiment: (1) a 
constant dose of hemotoxin was as completely removed by combination 
with 0.1 cc., and 0.5 cc. of blood cells, as by absorption or combination 
with 2.0 cc. of blood cells; (2) this same amount of hemotoxin Avhen 
combined with the blood cells was sufficient to set free all the hemo- 
globin from 20 times the minimum number of erythrocytes required 
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to combine with all the hemotoxin. These facts indicate that more 
than one hemotoxin molecule may combine -with one red blood cell. 
Apparently, in mixtures containing equal concentrations of hemotoxin 
and different concentrations of erythrocytes, the hemotoxin molecules 
are distributed more or less uniformly among the available blood cells; 
if many blood cells are present in a unit voliune, only a few hemotoxin 
molecules combine with one erythrocyte; if few blood cells are present, 
a large number of hemotoxin molecules combine with each of the 
available cells. 

The experiment also showed that while practically all the hemoglobia was 
liberated from the largest number of erythrocytes as well as the smallest number, 
the amount of stroma which remained after the hemolytic process was dependent 
upon the concentration of blood cells used in the absorption, or in other words, 
upon the amount of hemotoxin combined with the individual erythrocytes. 
Apparently, the amount of pneumococcus hemotoxin required to liberate all the 
hemoglobuT is much less than that required to cause a significant solution of the 
stroma. Rabbit er>’throcytes seem to lose practically aU their hemoglobin after 
even slight injury of the cell wall; the shadow or ghost cells obtained from mix- 
tures where 95 per cent of the hemoglobin had been set free retained their original 
cell outline and showed no evidence of gross injury' associated with the loss of 
hemoglobin. 

It is obvious from these facts, that in two diSerent hemolytic test systems, 
there may be obtained differences in the degree of solution of the stroma although 
the liberation of the hemoglobin is practically complete in both instances. Under 
these conditions, complete hemolysis becomes a question of whether or not stroma 
solution is included in the definition of hemolysis. In the present paper, the 
terms “hemolysis” and “hemolyze” when applied to the “hemolyzing” capacity 
of the hemotoxin refer to the liberation of hemoglobin without regard to differences 
in degree of solution of the stroma. 

Influence of the Hemoloxin-Blood Cell Ratio tipon the Rate 
of Hemolysis. 

The preceding experiment dealt with the influence of the blood cell concentra- 
tion upon the combmation reaction, the first of the two steps involved in hemolysis 
by pneumococcus hemotoxin. The followmg experiment dealt with the influence 
of eiythrocj'te concentration upon hemolysis proper. The preceding experiment 
had indicated that when different amoimts of blood cells are quickly mixed with a 
constant dose of hemotoxin, the hemotoxin distributes itself more or less uniformly 
among the available cells so that the number of hemotoxin molecules combining 
vfith the individual crythrocj'tes tends to be inversely proportional to the blood 
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cell concentration. In the present experiment, this princijile was utilized in 
order to determine the influence of the relative number of licmotoxin molecules 
previously combined with the individual cells upon the rate of hemolysis. Thus, 
while a constant dose of hcmoto.xin was absorbed with diflferent amounts of blood 
cells, the experiment consisted cssentiallj' in a comparison of the rates of hemolysis 
of blood cells with different amounts of hemoto,tin combined with the individual 
erythrocytes. The hemolysis process itself was carried out at a low temperature 
(0°C.) in order to show differences in the rates of hcmolvsis to better advantage 
than at 37°C. where even the largest concentration of blood cells would be com- 
pletely hemolyzed within 1 hour. 

Three tubes containing 10 cc. of diluted hemotoxin solution were prepared: 
2.0 cc. of blood cells were added to the first tube and 0.5 cc. and 0.1 cc. of blood 
cells to the second and third tubes, respectively. A like series of the same con- 
centrations of blood cells was prepared in salt solution without hemotoxin to 
serve as controls on spontaneous hemolysis. 


TABLE 11. 

Influence of tlx IIcmoloxiit-Erylltrocyle Ratio upon Hemolysis Proper. 


Concentration of red blood cells 
in test mixtures 

Degree of complete hemolysis after different periods of time at O'C.; 
per cent of total hemoglobin set free 

45 min. 

6brs. 

Per cent 

per cent 

per cent 

1 

60 

90 

5 

3 

42 

20 

0.2 

5 


The above tubes were held in an ice bath at O^C. as in previous absorption 
experiments. Representative samples were removed at the end of 45 minutes, 
6 hours, and 20 hours and the percentage of complete hemolysis determined 
colorimetrically. The tests upon the controls (without hemotoxin) proved that 
there was less than 0.5 per cent spontaneous hemolysis in any of the suspensions 
of different erythrocyte concentration at the end of 45 minutes and 6 hours. Sig- 
nificant hemolysis had occurred in all the controls at the end of 20 hours, and to 
avoid the complication of compensating for spontaneous hemolysis, the results of 
the 20 hour tests are omitted from the protocol (Table II). 

It is evident in Table II that the rate of hemolysis was inversely 
related to the blood cell concentration. This relationship is in 
conformity wnth the deductions made from the results of the previous 
experiment; i.e., that the hemotoxin distributes itself more or less 
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uniformly among tiie available blood cells, the number of hemotoxin 
molecules which combine with each erythrocyte being inversely re- 
lated to the erythrocyte concentration. Apparently, the rate of 
actual hemolysis of the blood cells is dependent upon the number of 
hemotoxin molecules combined with the indixddual erythrocytes; 
when large numbers of hemotoxin molecules are combined, hemolysis 
is rapid; if small numbers are combined, hemolysis is slow. In this 
sense, if one separates the two reactions involved in hemolysis by 
pneumococcus hemotoxin, it may be said that the rate of the second 
reaction (hemolysis proper) is actually determined by conditions 
imposed during the preliminary or combination reaction. 

It is interesting to observe that the differences in rates of hemolysis were so 
pronormced, that not only was the jrercentage of hemolysis greater in the mixture 
containing the fewest number of blood cells, but the absolute amount of hemo- 
globin set free during the 1st hour was greater than in the test where the hemotoxin 
was allowed to act upon 20 times that number of blood cells. This apparently 
greater hemoglobin-liberating "capacUy” of the same amount of hemotoxin during 
an equal time (1 hour at 0°C.) is the more interesting in view of the fact that the 
dose of hemotoxin employed was more than sufficient to cause the complete hemol- 
ysis of the largest amount of blood cells. After longer periods of time, of course, 
the absolute amount of hemoglobin set free was greatest in the test containing the 
largest amormt of blood cells. 

These relationships are of incidental interest in connection with the technic 
of absorption of the hemotoxin. Due to the inverse relation between blood cell 
concentration and rate of hemolysb, a Constant dose of hemotoxin during the 
first few hours at 0°C. causes less total hemolysis the larger the amormt of blood 
cells with which it has combined. Consequently, the separation of the hemo- 
toxin from the bacterial solution without hemolysis in the supernatant fluid is less 
difficult when large amormts of blood cells are used in the absorption. 

Absorption of a Constant Dose of Hemotoxin svith the Stroma Derived 
from Different Amounts of Blood Cells. 

Smce it seemed likely that the combining property of the blood cell was a func- 
tion of the stroma, the following experiment was made to compare the amount of 
stroma required for the absorption or combination of a constant dose of hemotoxin 
with the amount of blood cells which could be hemolyzed by the same dose of 
hemotoxin. 

When rabbit erythrocytes are added to distilled water, much of the stroma is 
left after the liberation of practically all the hemoglobin. The stroma suspension 
used in this experiment was prepared by adding 1 cc. of pad:ed erythrocytes to 
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50 cc. of distilled H 2 O; the mheture was left in the ice bo.x overnight and the dis- 
solved hemoglobm removed by centrifugation; the residue was shaken up again 
in SO cc. distilled HjO to permit hemolysis of any intact cells that might have re- 
mained; this process was repeated three times, so that tlie stroma or cell residue 
was subjected four times to the action of SO volumes of H-O. Although the 
residue appeared faintly pinic when large amounts of the centrifuged sediment 
were examined, no significant amounts of hemoglobin were contained. The 
washed stroma (cell residue) was finally resuspended in 10 cc. of salt solution, 
1.0 cc. of the slock suspension being considered equivalent to tlic stroma derived 
from 0.1 cc. of erj’throcytcs. Different dilutions of this suspension were prepared 
to furnish the desired amount of stroma for the absorptions. The procedure 
for the absorption with the stroma was essentially the same as that employed in 
the previous absorption experiments witli crjdhrocytcs. 

The results of these experiments shotved that the absorbing or 
combining capacity of the stroma derived from distilled water hemol- 
ysis of rabbit erythrocytes is appro.ximately equivalent to that of the 
intact red cells themselves. After an absorption period of 1 hour at 
0*^0., the stroma derived from approxhuately 0.025 to 0.030 cc. of 
erythrocytes sufficed to combine witli an amount of hemotoxin suffi- 
cient to cause the complete hemol 3 fsis of about 0.80 cc. of the same lot 
of red cells; the stroma from 0. 020 cc. or less amounts failed to remove 
all the hemotoxin. This is about the same relation betw’een absorbing 
capacity and hemolyzing capacit}’’ that was found in the preceding 
absorption experiments wnth the whole blood cells. The marked 
absorbing or combining property’’ ’of the stroma must be considered 
as an important factor in determining the inhibition of the hemotoxin 
hemolysis. 

The stroma whicli had combined witli the hemotoxin was resus- 
pended in salt solution and incubated to determine whether the 
combined stroma would be dissolved in a manner analogous to the 
hemolysis of the combined erytlirocj'^tes. No lysis or solution of tlie 
combined stroma could be detected by gross examination except in 
the tests where the amount of stroma used for the absorption had 
proved insufficient to remove or combine with the test dose of hemo- 
toxin. These results are in conformity with the observations made 
in connection with the previous experiment and indicate that prac- 
tically all the hemoglobin may be set free from rabbit erythrocytes 
by action of pneumococcus hemotoxin without marked solution of the 
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Stroma; and that significant amounts of stroma always remain un- 
dissolved unless great excesses of the hemotoxin are present. 

Influence of the Presence of Dissolved Hemoglobin and of Stroma up 07 i 
the Two Steps {Combination and Hemolysis Proper) Involved hi 
the Hemolytic Action of Pneumococcus Hemotoxin. 

It is a recognized fact that enzjTnes are inhibited by the products of their action. 
Northrop (7) has shown, especially for protein-hydrolyzing enzymes, that the 
inhibition is due to the combination of the hydrolytic products with the active 
enzyme. It is to be expected that the presence of the products of hemolysis would 
also affect the hemolytic activity of the hemotoxin, but it was desired to determine 
whether the inhibitory effect upon hemolysis as a whole was due to the influence 
of these products upon the preliminary combination of the hemotoxin with the 
blood cells, or whether the inhibition was due to the effect of the presence of the 
products of hemolysis upon the liberation of hemoglobin from cells previously 
combined with hemotoxin. The principal products of hemolysis of rabbit cells 
by the hemotoxin are the dissolved hemoglobin and the stroma which remains after 
the hemoglobin is set free. The following experiment was designed to compare 
the influence of each of these different products (hemoglobin and stroma) upon 
the two steps (combination and hemolysis proper) involved in hemolysis by the 
hemotoxin. 

Influence upon Combining Reaction . — The influence upon the combination 
reaction was tested by adding a constant number of red blood cells to three tubes 
containing respectively: (1) a constant dose of diluted hemotoxin solution alone; 
(2) a constant dose of diluted hemotoxin solution to which a known amount of 
dissolved hemoglobin had been added; (3) a constant dose of diluted hemotoxin 
solution to which a known amount of stroma had been added. A large excess of 
hemotoxin was present (ten times that required to liberate all the hemoglobin 
from the blood celb used in the test) ; the amount of dissolved hemoglobin and 
the amount of stroma were small (each being equivalent to only one-half the 
hemoglobin or stroma derived from the amount of blood cells used in the test; or 
1/20 that derived from the maximum amount of blood cells that the test dose of 
hemotoxin could hemolyze) . These quantitative relations were designed to make 
a severe test upon the inhibitoiy influence of the presence of the hemoglobin and 
stroma, and it is obvious that if their presence had only a slight effect upon the 
combination reaction, it would not be detected at all. The blood cells were given 
an opportunity to combine with the hemotoxin in the three test systems, and then 
the absorption mixtures were centrifuged. The supernatant flmds were removed, 
and the sedimented cells rinsed with cold salt solution to remove all traces of the 
added hemoglobin and the added stroma. The entire procedure up to this stage 
had been carried out at 0°C. and no hemolysis had occurred in the test s>'stems. 
The rest of the procedure consisted in allowing the celb which had been “absorbed'" 
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under different conditions to hcmol 3 ’r,c under the same conditions. This was 
done by resuspending them in equal amounts of fresh salt solution and incubating 
the suspension at 25°C. for 1 liour and at 38°C. for another hour, after which the 
percentage of complete hemolysis was determined. 

hijlucncc Kpoit Uciiiolysis Proper. — In the experiment upon the influence of the 
presence of dissolved hemoglobin and of stroma upon the hemolysis of cells pre- 
viously combmed with hemotoxin, the quantitative relations between all the re- 
agents was the same as described. But the conditions of the tests were essentially 
exactlj' the opposite; the three samples of blood cells were allowed to combine with 


TABLE III. 

Influence of Ihc Presence of Dissolved Jlcmoglnhin and of Stroma upon the 
Two Steps {Comhination and Ucmolysis Proper) Involved in the 
Hemolytic Action of Pneumococcus Hemotoxin. 


Influence upon combination 

Influence upon hemolysis 

Hemolysis of combined cells when resuspended 
in salt solution 

Hemolysis of cclh previously combined in absence 
of hemolytic products 

Conditions during combination 
period 

Ter cent 
total 

Itcmoglobin 

libcralcd 

during 

hemolysis 

period 

Conditions during hemolysis period 

Percent 

total 

hemoglobin 

liberated 

during^ 

hemolj’sis 

period 

Cells added to licmoto.xin solu- 

100 

Combined cells resuspended in 

100 

tion alone 


salt solution alone 


Cells added to hemoto.xin plus 

95 

Combined cells resuspended in 

100 

hemoglobin solution 


salt solution plus hemo- 
globin solution 

i 

Cells added to hemotoxin solu- 

8 

Combined cells resuspended in 

100 

tion plus suspension of stroma 


salt solution plus suspension 
of stroma 



the hemotoxin in the absence of tlic products of hemolysis; the combined cells were 
then resuspended, respectively, in the following three test s 3 'stcms: (1) salt 
solution alone; (2) salt solution containing the same amount of dissolved hemo- 
globin that was used in the other e.\’periment; (3) salt solution containing the same 
amount of stroma that was used in the other experiment. Tlie same period of 
time was allowed for hemolysis of tliese three test mixtures as that emploi'ed in the 
preceding part of the experiment. 

It is obvious that our comparison of the action of the hemotoxin in tlie different 
test systems is based upon the final end-point of the hemolytic reaction which 
furnishes a less delicate method of comparison than if it were based upon differences 
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ia rates of hemolysis. The objects of the experiment are satisfied by presenting 
a summary of the results in Table III. 

The results of this experiment (Table HI) show that the presence of 
the products of hemolysis had a much greater influence upon the 
combination of the hemotoxin with the blood cells than upon the 
subsequent liberation of hemoglobin from erythrocytes which had 
previously combined with the hemotoxin. It is important to em- 
phasize again that the conditions of the experiment were such as to 
detect only the most marked effects of the presence of the products 
upon either of the two stages of the hemolytic reaction. The test 
dose of hemotoxin was excessive in comparison to the test dose of 
blood cells; and the amount of hemoglobin and of stroma was derived 
from only half the amount of blood cells used in the test itself. It is 
obvious, however, that the inhibition of hemolysis by pneumococcus 
hemotoxin is due principally to the decrease in effective hemotoxin by 
its combination with the stroma; and that after the hemotoxin has 
once combined with the blood cell, hemolyis proceeds even if there 
is present in the system an amount of stroma which could combine 
•with practically all the hemotoxia if it were free in solution.- It is 
possible, of course, that the presence of either hemoglobin or stroma 
does have some influence upon the rate of hemolysis of combined 
cells, but if there is such an effect it is slight in comparison to the 
effects due to the combination of the stroma with free hemotoxin. It 
is also possible that hemoglobin itself, although not evidenced in our 
experiment, can combine with free hemotoxin, for hemoglobin is said 
to exist in large molecular aggregates which might have marked 
absorbing properties. 

® The stroma used in our experiments was obtained by distilled HjO hemolysis 
and had not been combined with hemotoxin previous to its addition to the above 
test systems. 'While it is probable that stroma previously combined with small 
amounts of hemoto-xin would have less combining capacity due to its partial 
“saturation,” the difference in combining capacity would be only a quantitative 
one that does not influence the conclusions drawn from the present experiment. 
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Dissocialion of Free Uemotoxw during the IJemolysis of Erythrocytes 
Which Had Previously Combined with an Excess of Hemotoxin. 

Preceding experimen Is have shown that it is possible to combine more hemotoxin 
with erythrocytes than is required for their hemolysis. It was of interest therefore, 
to determine whether or not active hemotoxin is set free from the hemotoxin- 
erythrocyte combination during or after the hemolysis of erythrocytes which have 
previously been combined with an excess of hemotoxin. A number of experi- 
ments were made to investigate this question. 

It is obvious from the principles established in preceding e-xperiments, that there 
are a number of opposing factors that make it difficult to obtain the ideal conditions 
to demonstrate definitely the dissociation of active hemotoxin. If one combines 
erythrocytes with too great an excess of hemotoxin, hemolysis is so rapid even 
at 0°C. that it is difficult to separate the absorbed cells b\’- centrifugation without 
some hemolysis in the supernatant fluids. In the procedure finally adopted, the 
dose of hemoto.xin was sufficient to cause the hemolysis of more than 40 times the 
number of blood cells used for absorption and the period of absorption was limited 
to 5 minutes plus the S minutes required for the centrifugation of the mixtures 
in the ice box. The hemotoxin solution was put into balanced tubes before the 
addition of tlie blood cells, and centrifuged S minutes aftenvards. ' The absorbed 
or combined cells were rinsed several times with cold salt solution and the rinsmg 
fluids were alwaj’s proved free of detectable traces of hemotoxin. After the 
hemolysis of the combined cells when resuspended in fresh salt solution, a small 
measured amount of fresh erj'tlirocytes was added to determine whether or not any 
active hemoto.xin had been dissociated during the hemolysis of the combined cells. 

The results of these experiments proved that a certain amount of 
free hemotoxin is dissociated during the hemolysis of erytlirocytes 
which have previously combined with a great excess of hemotoxin. 
The conditions of the experiment were severe since the combined cells 
before their resuspension in fresh salt solution had been rinsed free of 
any possible traces of hemotoxin otlier than that combined with the 
erythrocytes; and in that respect, the demonstration of hemotoxin 
dissociation was conclusive. From a quantitative standpoint, how- 
ever, the amount set free was extremely slight and practically all the 
hemotoxin was “consumed” during the hemolysis of a nmnber of 
blood cells less than 1/40 the hemolyzing capacity of the test dose of 
hemotoxin. This is an interesting fact for if the hemotoxin acted as 
enzyme or catalyst, one would expect more of it to be freed in an active 
form if originally combined in great excess with its substrate. 
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Eject oJFr actional Addition oj Erythrocytes upon the Amount 
of Hemoglobin Liberated by the Action of a Constant 
Dose of the Hemotoxin. 

In the preceding experiment it was found that a certain small amount of active 
hemotoxin is set free during the hemolysis of erythrocytes which had previously 
combined with an excess of hemotoxin, but that most of the hemotoxin is con- 
sumed by combination with the stroma. From these facts, it seemed that the 
fractional addition of the blood cells should influence the amount of hemoglobin 
which can be set free by the action of a constant amount of hemotoxin. ^^^lile, 
in one sense, the preceding experiment dealt with the effect of fractional addition 
of the blood cells, the conditions were severe in that the combined blood cells were 
separated from the absorption mixture, resuspended in salt solution, and the 
second lot of blood cells not added imtil after the hemolysis of the combined cells. 
The following experiment on the question of the influence of fractional addition 
differed from the preceding experiment in that the second portion of the blood 
cells was added to the hemotoxin solution before hemolysis of the first portion was 
complete. 

Since fractional addition of the blood cells was expected to have at least some 
effect, the test was made more severe by employing a dose of hemotoxin sufficient 
to cause complete hemolysis of twice the test dose of erythrocjdes. The total 
final amount of the erythrocytes was kept constant, and the differences in the 
tests consisted only in the order of addition of the blood cells. 

The constant dose of hemotoxin was placed in a series of tubes held in an ice 
box at 0°C. The following amounts of blood cells were then added to separate 
tubes of the hemotoxin solution; Tube 1: 0.4 cc. (the complete test dose of 
erythrocytes); Tube 2: 0.2 cc. (one-half the test dose); Tube 3: 0.04 cc. (one- 
tenth the test dose) . Special precautions were taken to insure prompt and uniform 
mixing in order that all the blood cells might have equal opportunities to combine 
with hemotoxin. These mixtures were held for 4 hours at 0°C. At the end of this 
period, the second portions (0 . 2 and 0 . 36 cc.) of the test dose of erythrocytes were 
added to the tubes containing 0.2 cc. and 0.04 cc. of red blood cells; hemol 3 'sis 
was not complete in any of the tubes at the time of the second addition of the 
blood cells. The mixtures, now containing the same total amount of blood cells, 
were held an additional 4 hours at 0°C., and were then placed in a water bath at 
25°C. for 1 hour. At the end of this period of incubation, the temperature was 
raised to 37°C. and an additional hour allowed for the complete end-pwint of the 
reaction. 

The per cent of complete hemolysis was determined by colorimetric e.xamination 
of the supernatant fluids after centrifugation. In order to avoid errors due to the 
presence of methcmoglobm, the colorimetric measurements were done by the 
cyanhemoglobin method (8) . The results are given in Table R'. 
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The results of this cxpcriiucnt (Table RO showed that with a 
constant dose of hemotoxin, less licinoglobin is liberated from the 
same number of blood cells when the blood cells arc added fractionally 
tlian if all of them arc added at the same time. This apparent re- 
duction in the hemolyzing capacity of the henioto.vin can be explained 
by the principles demonstrated in preceding c.\pcrimcnts. It has been 
shown that the hemotoxin distributes itself more or less uniformly 
upon the blood cells present in the S 3 'stem, and that much more 
hemotoxin can combine witli each crj^throcytc than is required for 
the liberation of all its hemoglobin. Consequent!}’', in c.xperiments 
of this t}q3e, Avhen the first fraction of the total blood cells is added, 

TABLE IV. 

Effect oj Fractional Addition of Erythrocytes npon the Amount of 
Hemoglobin Liberated by the Action of a Constant Dose of the 
Hemotoxin. 


Order of nddition of crj-lhrocytes to the hemotoxio solution 

Total amount 
of erythrocytes 

percent total 
hemofilobin 
set free 

1 

All of erythrocytes added at once 

cc. 

0.4 

100 

Erythrocytes added in two equal portions; first half at once. 

0.4 

87 

and second half added later 

Erythrocytes added in two unequal portions; 10 per cent 

0.4 

1 

53 

added at once, and remaining 90 per cent added later 




all the hemotoxin will combine with these cells, provided that pre- 
cautions (thorough and prompt mixing) are taken to bring all the 
cells into immediate contact with the hemotoxin. The first fraction 
of the cells will then hemolyze due to the action of the combined 
hemotoxin, but during the process most of the hemotoxin will be 
consumed by combination iVitli the stroma. When tlie second 
fraction of the cells is added, their hemolj'^sis will depend upon the 
free hemotoxin which has dissociated from the hemotoxin-erythrocyte 
combination during the hemolysis of the combined cells; and the 
preceding experiment has already shown that only a small portion of 
the originally effective hemotoxin escapes from combination witli 
the stroma. Quite different conditions obtain when all the blood 
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cells are added at the same time, for then each of the blood cells has 
an equal opportunity to combine Tvith the available hemotoxin. Un- 
der these conditions, where the concentration of effective hemotoxin 
is known to be in excess of that required for liberation of all the 
hemoglobin, one can always expect a constant amount of hemotoxin 
to set free more hemoglobin than if the blood cells are added fraction- 
ally. It is obvious that this relation must be limited to hemotoxin 
concentrations which are known to be in excess of that required for 
hemolysis of the total test dose of the blood cells. 

It is also obvious that a number of factors can influence the relative or quanti- 
tative effects of the fractional addition of the blood cells. One of the most 
important factors is the proportion of the total blood cells added in the first 
absorption. Other important factors are the temperature of the system and the 
time interval between the fractional additions of the blood cells. It is probably 
especially important whether or not hemolysis of the combined cells has occurred 
before addition of the second lot of erythrocytes. If the fresh cells are added to 
the system before hemolysis, the second fraction of cells may be able to dissociate 
some of the hemotoxin from the erythrocj’tes previously combined with an excess 
of hemotoxin. On the other hand, if hemolysis of the first lot of cells is complete, 
the second lot of cells must depend for their hemolysis upon the hemotoxin which 
has not combined with the products of hemolysis. In other words, in the first set 
of conditions, the fresh blood cells compete with unhemolyzed cells combined with 
an excess of hemotoxin, and in the second set of conditions, they compete with the 
stroma and other products of hemolysis; and it may be much more difficult to 
dissociate active hemotoxin from the combination of hemotoxin with the products 
of hemolysis than from the combination of hemotoxin with the unhemolyzed 
erythrocytes. 


DISCUSSION. 

The experiments presented in this paper have dealt with the com- 
bination of pneumococcus hemotoxin with the erythrocyde, which is 
the first step in the hemolytic process. 

It was known (3) that the active or reduced form of the hemotoxin 
combined with the blood cell before it caused hemolysis. The present 
study of the combining properties of the hemolytically inactive modi- 
fications of the hemotoxin was limited to the reversible inactive 
oxidized form. The results indicated that the reversibly oxidized 
form of the hemoto.xin exists in two different modifications; one retains 
the property of combining with the blood cell although it has lost the 
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property of causing the usual hemolysis; the otlier possesses neither 
the property of combining with tlic cr3'throc3'^tc nor tlic property of 
hemolysis proper. 

The existence of these two different hemolytically inactive modi- 
fications of the reversibl}’- oxidi;:cd hemo toxin indicates that the 
oxidative inactivation of the hemotoxin involves a scries of different 
stages which probabl}’' proceed in the following order: Reduced or 
hcmol3'’ticall3'' active form — > Reversibly oxidized modification winch 
retains the cr3dhroc3^tc-combining propcrt3'' but not the actual hemo- 
lytic propcrt3’- — » Rcvcrsibl3’' oxidized modification which possesses 
neitJier the combining nor the hemol3'-tic property — > Irreversible and 
inactive products. A series of different reactions 3delding different 
intermediate products which is common in biological oxidations is 
probabl3’- a frequent occurrence when antigenic substances arc oxidized. 
Their complex structure and large molecular weight indicate the 
existence of a large number of molecular groupings, and the successive 
oxidation of different individual groupings might be.-^.xpected to 
3deld a series of different products possessing somewhat different 
properties. 

In the previous study (1) it was shown that the reversibly oxidized 
form of the hemotoxin, although hemol3'’ticall3’- inactive, possessed 
antigenic properties identical with those of the original reduced form 
of the antigen. These results proved that tlie hemol3'’tic property 
can be lost without an accompan3dng loss of the antigenic properties. 
At the time of the investigation of the antigenic properties, the 
existence of the two different modifications included in tire reversibly 
oxidized form of the hemotoxin had not been recognized. However, 
it is logical to believe that the antigenic properties assigned in the 
previous paper to the reversibly oxidized hemotoxin are certainly 
possessed by the modification which retains the combining property, 
for it represented the greater 'proportion of the total reversibl}^ oxi- 
dized hemotoxin contained in the oxidized solutions used in the 
immunization. The antigenic properties of tJie second reversibly 
oxidized modification which has lost the combining property remains 
an unsettled question. 

The combining properties of the different modifications of pneumo- 
coccus hemotoxin are of immunological interest from a general point 
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of view. The most satisfying proof of the function of different 
molecular groupings in the combining and injury reactions of hemo- 
toxins has been based upon the separation of the erythrocyte- 
combining reaction from the erythrocyte-hemolyzing reaction by 
means of the absorption of the active hemotoxin in the cold. Without 
a means of detecting the inactive forms themselves, it has been 
impossible to determine whether or not inactive hemotoxoids retain 
the erythrocyte-combining property (the so called “haptophore” 
group) in spite of the loss of the erythrocyte-hemplyzing property 
(the so called “toxophore” group). WTiile we did not succeed in 
causing hemolysis by reduction treatment of the blood cells combined 
with the oxidized lysin, the application of the reduction technic to 
the supernatant fluids of the absorbed mixtures proved that a large 
proportion o^ -the reversibly oxidized, inactive form was removed by 
combination with erythrocytes in the cold. This constitutes more 
direct evidence than has hitherto been obtained of the existence of a 
hemotoxin modification which has lost the property of hemolysis 
proper w’thout loss of the property of combining with the blood ceU. 
Although no antigenic properties can yet be assigned to the other 
reversibly oxidized modification of pneumococcus hemotoxin which 
has lost the combining property as well as the hemolytic property, it 
too is of interest. The fact that reduction treatment can restore 
both of the properties lost by oxidation is indicative of the possibility 
of changing a variety of different properties of complex antigenic 
substances without inducing profound and irreversible changes in 
the molecule as a whole. 

A munber of other experiments were made upon the combining 
properties of the reduced or active form of the hemotoxin which, 
because of the advantage of a separation of the reactions of combina- 
tion and hemolysis proper, are of interest in connection with the 
mechanism of the hemolytic action of pneumococcus hemotoxin. 
(All these experiments were conducted with excess doses of hemotoxin 
and the resrlts cannot safely be applied to systems where the hemo- 
toxin concentration is less than that required for complete hemolysis.) 
Evidence was obtained that -with a constant concentration of hemo- 
toxin, the number of hemoto.xin molecules which combine with the 
individual erythrocytes is inversely related to the blood cell concen- 
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tralion; and lliat the rate of the actual licmolysis is directly related 
to the number of hemotoxin molecules which have previously com- 
bined with the individual ciy'throcytes. The same experiments also 
proved that a constant dose of liemotoxin can be removed by an 
amount of blood cells much less than the amount which the hemotoxin 
can hemolyze. Tests with rabbit cell stroma showed that tlie absorb- 
ing or combining capacity of the stroma derived by distilled water 
hemolysis is approximately equivalent to tliat of the intact red cells 
themselves. 

Experiments were also made to determine the inhibitory clTcct of 
stroma and of dissolved hemoglobin upon tlie two steps (combination 
and hemolysis proper) involved in the hemolytic action of hemotoxin. 
The results showed that the final inhibition of pneumococcus hemo- 
toxin hemolysis is due principally to the rcmo\’al of effective hemotoxin 
by combination with the stroma. After the liemoto.xin had once 
combined with the blood cell, the hemolysis proceeded even when the 
amount of stroma present in the system would have been sufficient to 
combine with all the hemoto.xin had it been free in the solution. It 
was also found that some free hemotoxin is dissociated during the 
hemolysis of erythrocytes which have preidously combined with an 
excess of hemoto.xin, but the amount set free is surprisingly small for 
most of it is consumed by combination with products of the hemolytic 
reaction, especially with the stroma, Wliile this apparent “using up” 
of hemotoxin during the hemolytic reaction is somewhat similar to the 
combination of enzjrmes with their reaction products, the combining 
property of the stroma is probably of a higher order of magnitude than 
that of the reaction products of the common enz}mies, and conse- 
quently, causes a correspondingly greater inhibitor}’’ effect. However, 
the fact that such a great proportion of the hemoto.xin is consumed 
when large excesses of hemotoxin are combined witli small numbers 
of blood cells, is an argument against the enzjrmatic nature of its 
hemolytic action. 

The fractional addition of red blood cells decreases the hemolyzing 

capacity” of a constant dose of hemotoxin; a dose of hemoto.xin more 
than sufficient to cause the hemolysis of the test dose of blood cells 
when all were added at once, was unable to cause complete hemolysis 
when the same number of erytlrrocytes was added fractionally. This 
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agrees -svith the previously established relationships and is probably 
due to the inhibition of the hemotoxin by its combination with the 
stroma. The combination reaction proceeds so rapidly, even at 0°C., 
that in order to obtain the maximum liberation of hemoglobin, the 
absorption mixtures must be immediately and thoroughly shaken in 
order to give aU the erythrocytes an equal opportunity to combine with 
the available hemotoxin. 


SUMM-ARY. 

The investigation dealt particularly with the combination of 
pneiunococcus hemotoxin with red blood cells. The reduced or 
hemolytically active form of the hemotoxin was known to possess 
the property of erythrocyte combination. The results obtained in 
this study indicate that the hemolytically inactive, reversibly oxi- 
dized form exists in two different modifications; one retains the 
property of erythrocyte combination while the other lacks this 
property. 

The influence of the combining property of the hemotoxin upon 
the mechanism of hemolysis and upon the inhibition of the hemol 3 rtic 
reaction was also investigated. 
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INTRODUCTION. 

It is known (1, 2) that the hemotorin and the “protein fraction”* 
of the pneumococcus cell possess the foUovring properties in common; 
(1) both are cellular constituents of Pneumococcus and are present in 
solutions prepared from pneumococcus cells; (2) both react with 
species-specific, rather than type-specific antibodies; (3) antibodies 
(antihemo toxin and precipitins) reactive with both of them are present 
in immune serum produced by injection of solutions of pneumococcus 
cells. The object of the present paper is to determine whether or not 
they represent distinct and separate antigenic constituents of Pneu- 

* Mr. Gaspari’s cooperation in this work was made possible by a grant from The 
Henry Strong Denison Medical Foundation. 

' The term “protein” or “protein fraction” of the pneumococcus cell is limited 
in this paper to the protein substances which react with the species-specific anti- 
protein precipitins which are present in immime serum produced by immunization 
with solutions of pneumococcus cells (3, 4). These substances, as pointed out by 
Avery and Heidelberger (5, 6), include the bacterial proteins (mainly nucleo- 
protein and mucoid) which are predpitated in the cold by acetic add, and thus 
may indude a number of separate but unrecognized antigens which give rise to 
individual antiprotein precipitins. For clearness of expression in this paper, it is 
desirable to use the term “protein” in the indusive sense of Avery and Heidel- 
berger (6) although it is probable that the hemotosin itself, like all true antigens, 
is also protein in nature; as a matter of fact, it is also predpitated, at least in part, 
by the acetic add treatment since the reversible oxidation products of the hemo- 
toxin are demonstrable in some solutions of pneumococcus “protein” (7). 
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mococcus, which arc immunologicallj' reactive with distinct and sepa- 
rate antibodies. 

The presence of protein prccipitins in immune sera is a factor always 
to be considered in connection with the neutralization of primarily 
toxic antigens, and a distinction between the antibody which neutral- 
izes the hemotoxin and other antibodies present in the serum is 
particularly important in view of the fact that the antihemoto.xin can 
be produced by immunization with hcmolj’tically inactive forms of 
the hemotoxin (2, 8). Hence, the immediate object of this study 
is to establish pneumococcus hemotoxin as an integral antigenic sub- 
stance in order to show that the preceding reports (2, 8, 9) had dealt 
with a true antigen. However, proof of the individuality of the hemo- 
toxin is also of interest from a more general point of view since it adds 
another defmite antigen to the list of constituents included in the 
“antigen mosaic” of the pneumococcus cell. 


EXPERIMENTAL. 

Methods . — The methods were essentially the same as described in preceding 
papers (2, 8, 9). 

Differences in the Effect of Previous Exposure to 55°C. upon the Anti- 
body-invoking Properties of Pneumococcus Hemotoxin and of 
Pneumococcus Protein. 

The following experiment dealt with the difference in tlie effect of previous 
exposure to S5°C. upon the antibody-invoking properties of the hemotoxin and of 
the “protein” fraction of Pneumococcus. One series of rabbits was immunized 
with bacterial extract which had been heated at 55°C. for 10 minutes, a treatment 
which previous experiments (8) had indicated was sufficient to destroy the anti- 
body-invoking property of the hemotoxin; a control series was immunized with the 
unheated extract. In order to make the comparison more convincing, different 
amounts of pneumococcus cell solution were injected into corresponding animals 
in the two series and the immunization of some animals was carried over a long 
period. Bleedings were made after each course of injections, and the sera tested 
for antihemotoxin and antiprotein precipitin. The objects of the e.xperiment are 
satisfied by presenting in Table I the results obtained with the animals immun- 
ized with 0.2 cc. doses of the pneumococcus solution. 

The results (Table I) of this experiment reveal a distinct difference 
in the effect of short exposure to 55°C. upon the antibody-invoking 



J. M. -N TF.TT.T. , w. L. IIXMING, AND E, L. GASPAEI 


779 


properties of the hemo toxin and the “protein fraction” of Pneumo- 
coccus. The heating treatment only slightly weakened the effective- 


TABIE I. 

Influence of Exposure to 55°C. upon the Anlibody-Imoking Properties of Fneumch- 
coccus Hemoioxin and of Pneumococcus “Protein." 



! 

Antihemtoiin* 

Antiprotein 

preapitins* 

Antmals 
immunized rrith 
pneumococcus 

i 

1 

! 

’ ! 

Serum 

Hemolysis by S 
"units” of hemo- 
toxin, bad 

been inenbated 
in presence of 
serum before 
addition of blood 
cells 

Precipitation of 
protein from 
solutions of a 
heterologous 
type of 
pneumococci 



Amount of 
serum, cc. 

Dilution of 
antigen 



0.03 

0.01 

1/10 

1/30 



Hemo- 

lysis 

Hemo- 

lysis 

Predpi-i 
Ution 1 

Precipi- 

tation 


Normal serum; before immunization 



0 

0 

Unheated 

Immune serum; after 1 course of 6 injec- 
tions of 0.2 cc. of the bacterial solution 

0 

* 

++ 

+ 


Immune serum; after 6 courses of 6 injec- 
tions of 0.2 cc. of the bacterial solution 

0 

0 

++-f 



Normal serum; before immunization 



1 

i 0 

0 

Heated 

10 min. 

Immune serum; after 1 course of 6 injec- 
tions of 0.2 cc. of the bacterial solution 


' 

1 

-L 

0 

atS5°C, 

Immune serum; after 6 courses of 6 injec- 
tions of 0.2 cc, of the bacterial solution 


' 

+++ 

i 


iQ = no hemolysis. 

* = hemolysis approximately one-fourth complete. 

** — hemolysis approximately one-half complete. 

*** = hemolysis approximately three-fourths complete. 

**** = hemolysis complete. 

*0 = no detectable reaction. 

-1- = faint cloudiness. 

moderate cloudiness. 

-f-f -f = hea\T cloud, with Large amount of precipitate in bottom of tube. 


ness of the antigen (or antigens) related to the antiprotein precipitin; 
but completely destroyed the antibody-invoking property of the hemo- 
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toxin. A quantitative loss in the antigenic capacity of the heated 
“protein” was evident throughout the experiment; i.c., either a larger 
amount of the bacterial solution, or a more prolonged immunization 
was always required with the heated than with the unheated bacterial 
solution in order to obtain a scrum of the same antiprotein precipitin 
content. However, these quantitative dilTcrcnces became less as the 
immunization was continued, and (as shown in Table I) after several 
courses of injections the sera obtained by use of the heated (55°C. for 
10 minutes) bacterial extract were equal in antiprotcin precipitating 
power to those obtained by injection of the unheated material. 

Quite different relations obtained with the hemotoxin. In agree- 
ment with the results of a preWous investigation (8) the heating treat- 
ment seemed to result in an absolute loss of its antibody-invoking 
property, for even after prolonged immunization, no antihemotoxin 
could be detected in the serum of animals injected \\dth the heated 
pneumococcus solutions. Tins distinction between the effect of heat 
upon the antibody-invoking properties of the hemotoxin and the 
“protein fraction” is particularly convincing in view of the quantita- 
tive control of the amount of material employed in the immunizations. 

Dijfercnccs in the Injlucncc of Previous Exposure to 55°C. upon the 

Antibody-Combining Properties of Pneumococcus Hemotoxin and 
of Pneumococcus Protein. 

That the hemotoxin completel}^ loses its antibod 3 '^-conibining property when 
heated at 55°C. for 10 minutes has been shown in a pre\dous paper," no antihemo- 
toxin being combined when heated pneumococcus hemotoxin was added to im- 
mime serum. A number of e-xperiments were made to determine whether or not 
the same heating treatment affects tlie antibodj'-combining propertj' of the pro- 
tein fraction. The pneumococcus cell solution M’as heated for 10 minutes at 55°C. 
without causing any visible clouding or precipitation in the dear solution; as far 
as we could determine this heated solution (in wliidi the antibody-combining 
property of the hemotoxin had been destroj^ed) was predpitated b}’’ antiprotein 
serum to exactly the same degree as was unheated pneumococcus solution in 
parallel titrations against the same immime serum. 

From the results of the above experiment, it is evident tliat exposure 
of a solution containing both hemotoxin and “protein ” to a tempera- 

^ Neill, Fleming, and Gaspari (S), Table IV. 
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ture of S5°C. for 10 minutes inactivates the antibody-combining 
property as well as the antibody-invoking property of the hemotoxin, 
but destroys neither of these properties of the “protein. ” Since these 
two properties are the fundamental properties of all true antigens, the 
loss of both of them by the hemotoxin and the loss of neither by the 
“protein” indicate that although contained in the same bacterial 
solution, the hemotoxin represents an antigenic constituent distinct 
from those which give rise to the antiprotein precipitins. 

Dijferences in the Influence of Treatment with High Concentrations of 
H^i upon the Antigenic Properties of Pneumococcus Hemotoxin 
and of Pneumococcus Proiehi. 

A distinction between the hemotoxin and the protein fraction was 
also made upon the basis of the effect of treatment with high concentra- 
tions of HjOa upon their antigenic properties. It was found that 
treatment with this oxidizing agent which destroyed the antigenic 
properties of the hemotoxin (8) did not inactivate the protein fraction; 
the treated solutions, although containing no antigenically effective 
hemotoxin, still retained both the in vivo property of invoking the 
production of antiprotein precipitins and the m vitro property of re- 
acting with antiprotein precipitins. 

Production of Immune Serum Containmg Antiprotem Precipitins but 

No Antihemotoxin by Immunization with Pneumococcus Cell Solu- 
tions from Which the Hemotoxin Had Been Removed by 
Absorption with Red Blood Cells. 

The experiments consisted of a comparison of the antihemotoxia and anti- 
protein precipitin content of the immxme serum obtained from two series of rab- 
bits; (1) the first series, immunized with “unabsorbed” pnemnococcus cell solu- 
tion containing both the hemotoxin and the "protein fraction;” (2) the second 
series, immunized with the same amounts of pneumococcus cell solution from which 
the hemotoxin had been removed by previous absorption. 

Immunization . — ^Each animal in the two series received six daily subcutaneous 
injections of 0.1 cc. of the “absorbed” or “unabsorbed” pneumococcus solution. 
To avoid the possibility of producing isohemolv-sins or isoagglutinins in the series 
immunized with the “absorbed” material, the solution used for the immunization 
of each rabbit was kept separate and absorbed with the cells from its own blood. 
The blood cells were washed before each absorption from a stock of the normal 
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defibrinated blood of cacli animal obtained before immunization. The absorp- 
tions were carried out as described for previous experiments. The material for 
one course of injections was absorbed with blood -cells at the bepnning of tlie 
experiment; a second absorption was carried out cvciy other day on quantities 
of the previously absorbed solution sufficient for two injections. The animals 
were bled after each course of injections, and the immune serum titrated for anti- 
hemotoxin and antiprotein prccipitins by the previous methods. 


TABLE II. 

Anlilwmoloxin and Antiprotcin Prccipitins in Scrum of Animals Immunized uilh 
“Absorbed’’ and “Unabsorbed” Pneumococcus Cell Solutions. ' 


Immunization mnlcrinl 

Babbit 

Antihcmotoiin titra- 
tion' (hcmoly.sis by S 
units of hcmotoxin 
which had been incu- 
bated in presence of 
scrum before addition 
of blood cells) 

Antiprotcin precipitin’ 
titration 


Amount of scrum, cr. I 

Dilution of antigen 

Pneumococcus cell solution 


0 06 

0.0 1 

1/2 

l/IO 



Hemolysis 

Hemolysis 

1 

Precipita- 

tion 

Precipita- 

tion 

"Absorbed” with cr>’throcytcs 

1 


**** 

++ 

-1- 


2 



+ + 

4* 

Not “absorbed” vidtli ery'titro- 

3 

0 


\- 

+ 

C3'tes 

4 

0 

* 

-1 — h 

+ 


'0 = no hemolysis. 

* = hemolysis approximately one-fourth complete. 

** — hemolysis approximately one-half complete. 

•i:** _ hemolysis approximately three-fourths complete. 

'*** = hemolysis complete. 

"0 = no detectable reaction. 

+ = faint cloudiness. 

-h -f = moderate cloudiness. 

-f -f -f == hea-\w cloud, with large amount of precipitate in bottom of tube. 


The results of the tests of the sera after one course of injections are presented in 
Table n. 

The results (Table II) of tliis experiment show tliat the absorption of 
pneumococcus cell solution with erythrocytes removed the antigen 
responsible for antihemotoxin production, but was without effect upon 
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the antigens responsible for the production of the antiprotein predpi- 
tins. Immunization with pneumococcus cell solutions which had been 
absorbed with red blood ceUs yielded the same type of serum as did 
immunization with pneiunococcus solutions which had been heated at 
55°C.; i.e., an immune serum containing antiprotein predpitins but no 
antihemotoxin.3 The fact that it is possible to obtain an immune 
serum containing only one of the antibodies (the antiprotein precipi- 
tin) is due in both cases to the loss of the other antigen (hemotoxin) 
which is effective in the original pneumococcus solution, the hemotoxin 
antigen being lost in the first instance (Table I) by heat inactivation 
and in the second instance (Table n) by removal through combination 
■with erythrocytes. 

Efect of Removal of the Hemotoxin upon the Protein Precipitation 
Reaction of Pneumococcus Cell Solutions •until Antiprotein 
Immune Serum. 

This experiment dealt with the effect of the removal of the hemotoxin upon 
the protem precipitation reaction of pneumococcus cell solutions with antiprotein 
immune serum. Parallel antiprotein predpitin titrations were made with immune 
antiprotein serum, (1) against “unabsorbed” pneumococcus cell solution (con- 
taining both the hemotoxin and the “protein fraction”); and (2) against “absorbed” 
pneumococcus cell solution (from which the hemotoxin had been removed by 
previous absorption •with red blood cells). 

The hemotoxin was absorbed from the pneiunococcus solution by the procedure 
employed in previous experiments. The “absorbed” bacterial solution and 
“unabsorbed” bacterial solution were then tested against immune serum (ob- 
tained by immunization with heated pneumococcus solution) ■which contained 
antiprotein predpitins but no antihemotoxin. The protein predpitin tests were 
made with a constant dilution of serum (2/5) against two dilutions (1/10 and 1 /20) 


’ The separation of the hemotoxin by absorption "with erythroq'tes is appar- 
ently not so absolute as that obtained by heating the bacterial solutions. IVith 
pneumococcus solutions in which the hemotoxin has been inactiimted by heat, 
no trace of antihemotoxin was produced even after prolonged immunization. 
In our experiments ■with “absorbed” solutions, sli^t traces of antihemotoxin were 
produced by one of the animals when the immunization was continued. 
believe, however, that this was probably due to traces of hemotoxin remaining in 
the “absorbed” solution which, while insuCBdent to induce a definite antigenic 
response to the one course of injections reported in Table III, were sufndent to 
cause a weak response when a large number of injections were given. 
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of the bacterial solution. Controls of the bacterial solutions were prepared with 
normal serum instead of salt solution, since the "absorbed” bacterial extract 
became cloudy if too greatly diluted with salt solution. The protocol is pre- 
sented in Table III. 

The results (Table III) show that removal of the hemotoxin had no 
detectable effect upon the protein precipitation reaction of pneumococ- 
cus cell solutions when tested against antiprotein immune serum. 
While this fact in itself is not proof that the hemotoxin is a distinct 


TABLE III. 

Effect of Removal of IJic Hcmoloxiii upon the Protein Precipitation Reaction of Pneu- 
mococctis Cell Solutions soith Anti protein Immune Serum. 


Pneumococcus solution 

Protein reactive with nnti- 
protcin immune serum* 

Hemotoxin' 

Dilution of antigen 

Amount of bacterial solution, re. 

1/10 

1/20 

0.10 

0.01 

Prccipitittion 

Prccipil.ation 

Hemolysis 

Hemolysis 

"Absorbed” witli red blood cells 
"Unabsorbed” 

f. 

+ + 

4- 

4- 

0 

0 


^0 = no detectable reaction. 
+ = faint cloudiness. 


-J- 4- = moderate cloudiness. 

4 - -}- -p = hea%'y cloud, with large amount of precipitate in bottom of tube. 
*0 = no hemolysis. 

* = hemob^sis approximately one-fourth complete. 

** = hemolysis approximately one-half complete. 

*** = hemolysis approximately three-fourths complete. 

**** = hemolysis complete, 

antigenic entity, it is evidence that the hemotoxin in "unabsorbed” 
solutions, if it reacts at all with the antiprotein precipitin, does not 
constitute a significant portion of the material precipitated by the 
precipitins in antiprotein immune serum. 

The Occurrence of Antihemotoxin and Antiprotein Precipitins in Anti- 
pneumococcus Diagnostic and Therapeutic Serum from Immune 

Horses. 

The antipneumococcus serum usually employed for typing and for therapeutic 
purposes is obtained from horses instead of from rabbits. It was of interest, 
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therefore, to determine -whether or not the relations established with rabbit immune 
serum hold true for serum obtained from immime horses. Horses are usually 
immunized with suspensions of the bacterial cells instead of -with the filtered solu- 
tions employed in the previous experiments. However, as Avery and Heidel- 
berger (6) have pointed out, these pneumococcus suspensions consist of a mkture 
of the type-specific antigen and of the spedes-specific protein which gives rise to 
the antiprotein predpitin. Hence, the usual antipneumococcus serum from im- 
mune horses contmns in addition to the type-spedfic antibody, varying amoimts 
of the species-specific antiprotein predpitin. 

The antihemotoxin, like the antiprotein predpitin, is produced in response to an 
endocellular antigen, and hence, is likewise present in the usual antipneumococcus 
horse serum. Provided the strain employed in the immunization was not a poor 
hemotoxin producer, one would expect a certain parallelism between the anti- 
protein predpitins and antihemotoxin, since the production of both of them would 
be enhanced by the presence of a large number of autolyzed pneumococd and the 
continued injection of large amounts of material. As a matter of fact, most 
antipneumocQccus horse serum does contain much more antihemotoxin and anti- 
protdn predpitins than do the usual imm une rabbit sera. It seemed that this fact 
might be due not only to the large amount of material injected and the prolonged 
unmunization, but also to the common use of live pneumococd in the final stages 
of the immrmization. 

In connection -with experiments on the production of antipneumococcus serum 
at the Massachusetts Antitoxin and Vaccine Laboratory by Dr. Benjamin White 
and Dr. Elliott S. Robinson, one series of horses was immunized with heated pneu- 
mococcus suspensions alone, and another series -with the unheated filtrate of a 
frozen and thawed suspension of pneumococd in addition to the heated bacteria. 
Samples of different bleedings of these two sorts of antipneumococcus sera fur- 
nished to us by Dr. WTiite and Dr. Robinson, were employed in the experiments. 
In addition to the sera from the Massachusetts State Laboratory, two antipneu- 
mococcus horse sera from other laboratories which employ live bacteria were 
induded. 

The experiments consisted of comparisons of the antihemotoxin content of 
antipneumococcus horse serum produced by immimization with three sorts of 
matenal; (1) heated suspensions of pneiunococd; (2) heated pneumococd plus 
cheated filtrate of dissolved pneumococd; (3) heated pneumococd followed by 
mjections of live pneumococd. The sera included Type I serum prepared for 
therapeutic purposes, and Type HI serum prepared for diagnostic typing; no 
Type n sera were used because of the type-spedfic carbohydrate predpitation 
which would have occurred in the (Type II) pneumococcus solution used as the 
source of the hemotoxin in the experiment proper. (The antihemotoxin is not 
4pe-spedfic and the use of a heterologous type of pneumococcus solution in the 
antihemotoxin test of the serum is to be preferred.) 

A summarized protocol is presented inTable lY. 
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The results (Table IV) of the tests of the antipneumococcus serum 
from horses are in agreement inth the previous results with immune 
rabbit serum. Like the rabbit scrum obtained after immunization 
witli heated pneumococcus solution, the horse scrum obtained by 
immunization with heated pneumococci alone contained no anti- 
hemotoxin; the slight inhibition by the largest amount of serum (0.05 


TABLE IV. 

AiiHhmotoxm in Scrum of Horses Immunized loiih Heated and Unhealed 

Pncumocoeci. 




Antihemotoxin titrations' 

Antipnciimococcus 
scrum from 
immune horses 

hfotcrial employed in immunimtion 

Hemolysis by S units of hcmotoiin 
which had been incubated in 
the presence of serum before addi- 
tion of the blood cells 



Amount of scrum, cc. 



0.05 

0.0 1 

0.007 

0.003 

Tj'pcI 

Heated pneumococcus cells (vaccine) 



**** 

«>** 

(therapeutic) 




j 


Type I 

it it It it 



**** 


(therapeutic) 

t< it it « 

plus un- 

heated pneumococcus solution 





Type I 
(therapeutic) 

0 

0 

0 

0 

j 

Type I 
(therapeutic) 

Heated pneumococcus cells plus un- 
heated pneumococcus cells 

0 

1 0 

0 

t 0 

Type in 

it « 

0 

* 

** 


(diagnostic) 







^0 = no hemolysis. 

* = hemolysis appro.ximately one-fourth complete. 

** = hemolysis approximately one-half complete. 

*** = hemolysis approximately three-fourths complete. 

**** = hemolysis complete. 

cc.) is no more tlian tliat exhibited by normal horse serum and is un- 
doubtedly due to tire non-specific action of tlie lipoid constituents 
whidi are unrelated to the immunological antihemotoxin (2). In 
contrast, tlie horse sera obtained by immunization with either un- 
heated solutions of pneumococci or with the live bacteria, contained 
large amounts of the specific antihemotoxin. 

All the same sera also contained significant amounts of antiprotein 
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predpitins, the relative amounts of the predpitins in each serum being 
roughly parallel to its content of hemotoxin. A certain relation be- 
tween the content of antihemotoxin and antiprotein predpitins is to 
be expected in antipneumococcus serum, since the heating treatment 
which causes a complete loss of the effectiveness of the hemotoxin 
antigen also causes a quantitative diminution in the antigenic effec- 
tiveness of the protein fraction. (A more complete study of the effect 
of heat upon the antigenic effectiveness of pneumococcus protein will 
be presented in a later paper.) However, there is the same evidence 
of the separation of the hemotoxin from the protein fraction in the 
serum from horses immunized with heated pneumococd as in the 
serum from rabbits immunized with heated solutions of the bacterial 
substances, each of them being devoid of antihemotoxin although con- 
taining easily demonstrable antiprotein predpitins. 

Separation of the Hemotoxin from the Toxic Substance in Pneumococcus 
Solutions Which Cause the Acute Death of Rabbits. 

Since the present paper deals with the hemotoxin as an integral antigenic con- 
stituent of the pneumococcus cell, it is desirable to present evidence that the hemo- 
toxin is distinct from the toxic substances (“endotoxin” (10)) contained in the 
same pneumococcus solutions. That the presence of active hemotoxin itself was 
not essential to the toxicity of pneumococcus solutions was indicated by the fact 
that the hemolytic activity of the solutions could be destroyed either by heat 
(55“C. for 5 minutes) or by oxidation, without loss in their toxicity. However, 
it was desired to obtain more direct evidence of the distinction between the hemo- 
toxin and the toxic substances concerned in the acute death of rabbits. The 
experiments consisted of a comparison of the toxicity of pneumococcus solutions 
containing the hemotoidn, with the toxicity of the same solutions after removal 
of the hemotoxin by selective absorption with red blood cells. The comparison 
was made more valid by using two different doses of each pneumococcus solution: 
(1) a dose of 0.23 cc. which was not over twice the minimum dose required for the 
invariable production of acute death in rabbits; (2) a dose of 0.025 cc. which served 
as a control that the first dose was not an excessive one. 

Two series of four rabbits of equal weight were injected intravenously with the 

absorbed” and “unabsorbed” pneumococcus solutions. The rabbits which were 
killed by the injections were autopsied at once by Dr. Arthur Wright of the De- 
partment of Pathology. The pathological findings were the same in the animals 
injected with the "absorbed” solutions (containing no hemotoxin) as in those 
injected with the “unabsorbed” solutions. The heart was still beating; the lungs 
were collapsed and not congested; there was marked congestion in the small in- 
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testine; the bladder wall was completely collapsed. There were never more than 
a few, if any, slight focal hemorrhages in tlie lung. The relative absence of hemor- 
rhage or hemolysis was equally evident in the animals injected with the unabsorbed 
and the absorbed solutions, and was due in all probability to the small doses of 
bacterial solution employed. 

A protocol showing the toxicity and hemolytic activity of the two solutions is 
given in Table V. 

TABLE V. 


Separation of the Hemotoxin from the Toxic Substances in Pneumococcus Sohilions 
Which Cause the Acute Death of Rabbits. 


Pncumccoccus solution 

Toxic action 

(EUccts of intravenous injections into rabbits) 

Hemolytic action’ 
(Hemolysis of 2.0 cc. of 

1 per cent red blood 
cells) 

Amount of pneumococcus solution, cc. 

Amount of pneumo- 
coccus solution, cc. 

0.25 

0.025 

0.10 

0.01 

"Absorbed” with | 
red blood cells 

Rabbit 1 — died 1 lir. 
50 min. 

Rabbit 2 — died 1 hr. 
10 min. 

Rabbit 5 — no visi- 
ible effect 

Rabbit 6 — ^no vis- 
ible effect 

0 

0 

"Unabsorbed” 

Rabbits — died 1 hr. 
30 min. 

Rabbit 4 — died 1 hr. 
10 min. 

Rabbit 7 — no vis- 
ible effect 

Rabbit S — no vis- 
ible effect 

#*** 

**** 

1 


^0 = no hemolysis. 

* = hemolysis approximately one-fourth complete. 

** = hemolysis approximately one-half complete. 

*** = hemolysis approximately three-fourths complete. 

**** = hemolysis complete. 

The results (Table V) of these experiments present evidence that 
different constituents are involved in the hemolytic and toxic activities 
of solutions of dissolved pneumococci. The solution from which all 
the hemotoxin had been removed by test-tube absorption with eryth- 
rocytes possessed the same degree of toxicity and caused the same gross 
pathological changes when injected intravenously into rabbits, as did 
the “unabsorbed” solution which contained the hemotoxin. Since 
the test doses emplo3’’ed were sufficiently small to detect a sigmficant 
quantitative diminution in the toxicity of the solutions, one can con- 
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dude that the hemotoxin is a substance quite distinct from the pneu- 
mococcus substances (“endotoxin’O which cause the acute, anaphy- 
lactoid death of rabbits. Probably the hemotoxin is not involved at 
all in the toxic action of moderate doses of the usual pneumococcus 
solutions, for unless excessive doses were injected, the inhibiting action 
of lipoid constituents of normal serum would neutralize a large amount 
of the hemotoxin. 


DISCUSSION. 

In a previous paper (2) the true antigenic nature of pneumococcus 
hemotoxin was indicated by the specificity of its neutralization by an 
antibody (antihemotoxin) invoked by immunization with solutions of 
pneumococcus cells; the immimological neutralization was differen- 
tiated from the non-specific inhibitory effect of normal senun by 
evidence that the antibodies in the immune serum did not affect the 
hemolytic activity of digitonin nor of the hemotoxins of other bacteria. 
WTiUe these facts seemed to establish the hemotoxin as a true antigen 
which invokes the production of a specific neutralizing antibody, it 
was desired to differentiate the hemotoxin from the other antigenic 
substances contained in pneumococcus solutions, and to distinguish 
the antihemotoxin from the other antibodies contained in the serum 
produced by immunization with the same bacterial solutions. The 
most important of the other antigenically effective substances con- 
tained in pneumococcus solutions are the protein constituents which 
give rise to autiprotein precipitins. Proof of the hemotoxin as an 
individual antigenic constituent of Pneumococcus, therefore, requires 
a satisfactory differentiation of the hemotoxia and the “protein frac- 
tion, ’’ and a like differentiation of the antihemotoxin and the antipro- 
tein predpitins. 

The present investigation has differentiated the two antigens on the 
basis of the following differences in their properties: (1) The antigenic 
(antibody-invoking and antibody-combining) properties of the hemo- 
toxin were destroyed by heat and oxidation treatments which did not 
cause the loss of the antigenic effectiveness of the “protein fraction.” 
(2) Removal of the hemotoxin from pneumococcus solutions by com- 
bination with er>’’throcyte3 caused no loss in the capadty of the solution 
to invoke the production of antiprotein predpitins nor in its capadty 
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to react with antiprotein immune serum. Consequently, immuniza- 
tion witli pneumococcus solutions containing both hemotoxin and the 
“protein fraction” yielded a serum containing both antiliemotoxin 
and antiprotein precipitins, but immunization with solutions which 
eitlier had received certain heating or oxidation treatment or had been 
absorbed with red blood cells, jdelded a seium containing onl)'’ anti- 
protein precipitins and no antiliemotoxin. If one accepts tlie funda- 
mental principle that one antigen gives rise to one antibody, the 
production of an immune serum containing tlie usual titre of antipro- 
tein precipitins but no antiliemotoxin is in itself evidence that the 
hemotoxin is an integral entity ivhicli gives rise to a specific antibody 
(antihemo toxin) distinct from the antiprotein precipitin invoked by 
other antigenic constituents of the pneumococcus cell. 

The evidence obtained in a study of different antipneumococcus 
sera from immune horses agreed with that obtained from experiments 
on rabbits, and indicated tliat the injection of either unheated solutions 
of pneumococci or of unlieated suspensions of pneumococcus cells will 
always yield an immune serum containing relatively large amounts of 
the anti hemotoxin; while the injection of heated solutions or heated 
suspensions will yield a serum containing little, if any, of the anti- 
hemotoxin antibody.'* 

The establishment of the hemotoxin as a distinct antigen is of further 
interest as an additional example of the variety of separate and distinct 
antigenic substances contained witliin a single bacterial cell. It is 
now recognized that the presence of a number of different antibodies 
contained in an antibacterial seriun is due to the presence of a number 
of different antigenic substances in the material injected into the 
animals, each antigen in all probability giving rise to its own antibody. 
From Avery and Heidelberger’s work (6) the presence of the two most 
important antibodies (the type-specific anticarbohydrate precipitin 
and the species-specific antiprotein precipitin) in antipneumococcus 
serum can be assigned to 'the presence of two distinct antigens in the 

* While in our experiments the heating treatment of the immunization material 
seemed to be the most important factor, the antihemotoxin content of the im- 
mune serum would also be affected by variations in the hemotoxhi-producing 
capacities of different strains of pneumococci, amoimt of material injected, dura- 
tion of immunization, and differences in the response of individual animals 
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pneumococcus cell. Due to the above differentiation of the antihemo- 
toxin from the antiprotein precipitin, it is now possible to assign a 
third type of antibody (antihemotoxin) which is present in most anti- 
pneumococcus sera, to another separate and distinct constituent 
(hemotoxin) of the pneumococcus cell. 

It is desirable to point out, however, that the evidence has simply 
established the hemo toxin as an individual antigenic entity, and in 
spite of the described differences in the effect of certain heating and 
oxidative treatments upon their antigenic properties, the hemotoxin 
and the “protein fraction” may possess other hmmmological proper- 
ties in common. From one point of view (8), there is no real proof 
that the hemotoxin is not also a “precipitinogen” which possesses an 
active hemolytic property demonstrable in higher dilutions than can 
be detected by serological precipitation. The “protein fraction” of 
the pneumococcus ceU is known to include a number of different pro- 
teins, which are difficult to separate. Each of these proteins, if 
sufficiently different in chemical structure can be expected to give rise 
to its own antibody; but none of these different antigens can be dis- 
tinguished inummologically in the absence of strikingly spedfic 
properties comparable to the specific property of the hemotoxin. For 
example, in spite of the fact that it is an individual antigenic entity, 
the removal of the hemotoxin from the “protein” was detected only 
by virtue of its hemolytic property; and neither its removal nor that 
of any other of the “protein” constituents would be detected by the 
precipitin reaction if it constituted too small a proportion of the total 
reactive protein. 


STJUMARY. 

The investigation deals with the immunological differentiation of the 
hemotoxin and the “protein fraction” of Pneumococcus, and with a 
like differentiation of the antihemotoxin and the antiprotein predpi- 
tins. The distinction is made upon the basis of the following evidence : 
(1) The antigenic (antibody-invoking and antibody-comb inin g) proper- 
ties of the hemotoxin were destroyed by heat and oxidation treatments 
which did not cause the loss of the antigenic effectiveness of the 
“protein fraction. ” (2) The removal of the hemotoxin from pneumo- 

coccus solutions by combination with erj^throcjles caused no loss in 
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the capacity of tlie solution to invoke the production of antiprotein 
precipitins nor in its capacity to react with antiprotein immune serum. 

Titrations of the antihemoto.xin content of antipneumococcus horse 
serum (both diagnostic and therapeutic) indicated that the heating 
treatment of the immunization material is the most important factor 
in determining the antihemotoxin content of the immune sera obtained 
from horses, as well as of that from rabbits. 

A distinction was also made between the hemotoxin and the toxic 
substances (“endotoxin”) wliich cause the acute anaphylactoid death 
of rabbits. 
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rNTEODHCTION. 

Our knowledge of the production of variant pneumococcus forms 
has been greatly clarified during the last few years by recognition of 
the fact that the species may be divided into at least two great groups 
including the so called S, or smooth forms, and the R, or rough forms. 
Although the terms rough and smooth have been derived essentially 
from the morphological characteristics of the colonies formed by 
respective organisms of each group, they also bear a significant rela- 
tionship to virulence, serological, and other properties exhibited by the 
organism. This general concept of bacterial dissociation into rough, 
smooth, and possibly other groups has not only facilitated the classi- 
fication of pneumococcus variants but also those of other forms. It 
has fovmd application in a great variety of bacterial species and, as 
has recently been emphasized by Hadley’s review (1), has become of 
fundamental importance in bacteriology. 

With the pneumococcus a number of features have been recognized 
as characteristic of the R strains, serving to differentiate them from the 
S or parent strains. Primarily the surface colonies formed by R 
strains are atypical, presenting a rough surface in contrast to the 
typical smooth surfaced colonies of the S forms (2-6). Other recog- 
nized properties of the R pneumococcus include those of avirulency 
for mice,* loss of capsule, inability to produce the so called pneumo- 

* The definition of avirulence has in this instance been based upon the fact that 
1 cc. of an early broth culture when injected into the peritoneal cavity of the mouse 
ftiils to kill. 
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COCCUS soluble specific substance and consequent loss of type specificity 
(7), and an increased resistance to the lytic action of bile (8). Fairly 
extensive studies have been made on tlie immunological and other 
properties of the R pneumococcus, notably those of Reimann (5, 7) ; 
the colonies, however, have received more limited attention, and, as 
our abilit}'^ to recognize the R forms is in some measure dependent upon 
the appearance of the colonies whicli tliey produce, we have turned 
our attention to tliis phase. 

It is quite evident at tlie outset that sucli a stud}'’ presents a number 
of variable factors in that bacterial colonics are structures of some- 
what labile nature particularly in the case of an organism such as the 
pneumococcus, wliicli is extremely susceptible to changes in its en- 
vironment, resulting in a colony expression whicli may be quite 
different in different environments. Our colony studies have been 
consequently restricted to a comparison between those produced by a 
small number of standard S and R strains obser\’’ed under a lim ited 
mmiber of cultural conditions. We have not included any of the 
intermediate strains whicli have been described by Yoshioka (3) and 
Blake and Trask (4). 

Methods. 

The smooth or S strains of t 3 'pe-specific pneumococci were obtained in ail in- 
stances from the sputum of cases of lobar pneumonia which occurred at the 
Pemisylvania Hospital during the winter of 1926-27. All of them were subjected 
to one animal passage and have been subsequentlj”^ kept at room temperature on 
rabbit blood agar, with weeklj' transfers. 

The rough or R strains of pneumococci, R-I and R-II, were obtained from The 
Rockefeller Institute for hledical Research, through the kindness of Dr. 0. T. 
Avery. A third strain which we have designated as “R-IH” was isolated from a 
strain of Type HI pneumococci which invariablj' produced rough colonies when 
plated upon acid media. These strains were kept in a similar manner on rabbit 
blood agar. 

Strains of Streptococcus viridans and hemofytic streptococci, used for compara- 
tive colony studies, were obtained from recent blood cultures of cases of subacute 
bacterial endocarditis and hemolj'tic streptococcus septicemia respective!}'. In 
most of the subsequent experiments fourteen strains of organisms have been used, 
including nine S pneumococcus strains (three of each tj’pe), three R pneumococcus 
strains (R-I, R-H, and “R-IH”), one strain of Streptococcus viridaus, and one of 
Streptococcus hzinolyticus. 

The anti-S or t 3 'pe-specific antipneumococcus serum employed for the precipi- 
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tation and agglutination tests was obtained from the Division of Laboratories 
and Research, New York State Department of Health. Anti-R pneumococcus 
senun was prepared by the inoculation of rabbits with strains of Pneumococcus 
R-I and R-H according to the method of Cole and Moore (9). 

For colony studies we have selected as a standard the surface growth of 24-48 
hour plate cultmes upon fresh rabbit blood agar (pH 7.8). The colonies have 
been studied rmder the low power objective of the microscope by reflected daylight 
from the tilted surface of the plate. A mercury vapor lamp was used as the light 
source in making photographs. 

The Smooth Pneumococcus Colony. 

In order to appreciate or emphasize the differences between S and R 
pneumococcus colonies it is important to review briefly the character- 
istics of the former. Colonies produced by virulent pneumococci 
when grown upon the surface of suitable media have long been recog- 
nized as presenting characteristic appearances. More than 20 years 
ago Buerger (10) described and emphasized their distinctive features. 
He confined his attention to surface colonies in 18-24 hour cultures, 
grown on serum agar. These he described as circular, disc-like, and 
flattened, with regular contour. When viewed from above the colony 
surface appeared glassy, often with a slightly depressed center. When 
looked at from the side or by transmitted light they appeared as 
distinct milky rings enclosing a transparent center. This form he 
designated as the “ring type” of colony. Marked variations in colony 
size, which reached a maximum of 1.5-2 mm. in diameter, and in 
form were noted, including the roimd convex types (characteristic of 
young cultures) and the large, flat, mucoid forms. Other brief de- 
scriptions of the colonies of this organism may be found in most 
recognized te.xt-books of bacteriology. 

For general purposes, however, we have found Buerger’s descriptions 
quite applicable to the majority of discrete colonies of tjrpe-specific 
pneumococci which appear in 24-48 hour cultures on neutral agar 
eiuiched with 15 per cent rabbit blood. W’e have also found the 
small, round, convex colonies (Fig. 1) to be more frequent in the 
early (16-24 hour) cultures, and the large, flat, and umbilicated or 
“ring forms,” many of which show extraordinary variations in size 
more characteristic of the 24-48 hour culture. The outline of the 
large forms is generally spherical or elliptical, the surface uniformly 
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smooth or mucoid (Figs. 2 and 3). One may perhaps make a further 
differentiation of the colonies formed by individual pneumococcus 
t}Tpes for it has been recognized that Tj^ie III may produce larger 
and more mucoid colonies more constantly than the other t>'pes. 
However, these large, mucoid colonies do not seem to be distinctly 
characteristic for Type III and in the long run predictions as to the 
type of pneumococcus, based on tlie morphology of tlie colony, have 
proved more or less unreliable in our hands. 

Rough Pneumococcus Colonics. 

Brief descriptions of rough pneumococcus colonics liavc been made by Griffith 
(2), Yoshioka (3), Blake and Trask (4), Rcimann (5), and Amoss (6). Reimann 
has characterized them as follows; “The .... colony (R) appeared heaped up, 
thicker, more opaque, and less green than colonics of the other kind. Examined 
under the microscope the surface of these colonies was dull or finely granular. 
When pushed with a loop the colony seemed quite coherent and moved along as a 
whole. Occasionally the S colonics also had a granular surface but it was much less 
coarsely granular than that of the R colonics. Changes in color of the blood 
about the colonies due to methemoglobin formation were seen with both kinds of 
colonies.” 

Amoss has described the rough pneumococcus colonies as follows: “These 
were small, flat, and compact, gre 3 dsh white in color, with air irregular surface. 
YTien picked with a platinum needle, the colonies were resistant and could be 
pushed about on the surface of the agar. Yh'th a platinum loop thej'^ could be 
removed in iolo.” 

In general we have found the 24 hour colonies produced by the 
rough strains to be somewhat less variable in appearance than the 
smooth colonies of a similar age although again, different sizes and 
shapes are encountered in the 24 hour culture. As a rule the R 
colonies are smaller, generally circular, and there is greater predomi- 
nance of elevated convex forms as opposed to the flat, disc-shaped or 
“ring forms” which are so characteristic of the S colonies (Fig. 4). 
In fact this tendency for central elevation rather than umbilication 
recalls the type of colony formed by certain strains of streptococci. 
In the 24 hour growth tlie surface is only slightly granular and the 
difference between the S forms at this stage is frequently not pro- 
nounced. After 48 hours, however, the roughening and granularity 
of the surface becomes more distinct (Fig. 5). At this stage the R 
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colony appears to be slightly more compact and opaque than the S, 
hut in general the most prominent differences are those of size, shape, 
and texture of the surface. Subsequently these characteristics be- 
come even more pronounced and will be discussed later on in this 
paper. 

The degree of methemoglobin formation about the R colonies may 
approximate that seen vdth the S. With some R strains, however, 
we have noted a tendency for the production of a small halo of hemol- 
ysis. 


EXPEEIMENXAL. 

It is evident that typical siufface colonies are only produced under 
optimmn cultural conditions and their morphology may, of course, 
be influenced or altered by a host of incidental or extraneous factors, 
particularly in the case of an organism such as the pneumococcus which 
is so sensitive to its environment. Observations on the smface 
colonies produced by S and R strains of pneiunococci under a small 
number of varied environmental conditions have therefore been in- 
cluded in this study, not only for the purpose of determining some of 
the conditions which promote or inhibit the formation of typical 
colonies, but also to familiarize otirselves with the different colony 
expressions which S and R strains may exhibit under varjdng condi- 
tions. The influence of the following factors has been observed: 
crowding, age, (hminution of the blood in the cultme media, and 
variation in the hydrogen ion concentration of the media. In the 
latter instances our observations have been limited to a study of the 
effects produced by relatively sudden changes in environment and we 
have not studied the colonies produced by organisms which have been 
grown repeatedly in altered media. 

Crowding . — Our attention has been hitherto confined to the study 
of the discrete colony. It is evident, however, that with most bacteria 
the morphology of the growth upon an agar surface is greatly in- 
fluenced by the heaviness of the inoculmn and individual colony for- 
mation gives way to a confluent growth under conditions of moderate 
crowding. S pneumococci present no exception to this rule. IITien 
small numbers of individual colonies occur in sufficiently close contact 
so that their edges touch one another, they generally merge to form 
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confluent dumb-bell- or clovcr-leaf-shaped forms. With larger num- 
bers and closer contact, a smooth surfaced growth may result in which 
all trace of individual colonics is lost exxcpt at the edges. If, however, 
the degree of crowding is extreme, large portions of the central areas 
of the growth may present quite a different appearance. Individual 
colonies give way to an irregular, amorphous, slightly elevated mass 
in which there may be myriads of tiny structures with irregular and 
roughened surfaces. One may note various zones in this, process by 
observing the different aspects displayed in hca\nly seeded areas from 
the center out to the edge, where the tjqjical colonies begin to appear 
(Fig. 6). In the irregular central mass sometimes one encounters 
irregular colonies with roughened surfaces which are comparable 
in appearance to those produced by true R pneumococci but under 
these conditions the presence of such colonies does not indicate that 
complete dissociation has taken place, for if transfers are made from 
such areas, tjqsical smooth colonies are produced. 

With R pneumococci the growth reaction to crowding is slightly 
different although the differences are relatively insignificant. The 
colonies tend to remain discrete to a degree which recalls the behavior 
of various types of streptococci. In heavily seeded areas individual 
colonies become reduced in size but still show less tendency to become 
confluent than does the S variety. With extreme crowding, however, 
confluence and amorphous growtlis occur, in which individual colony 
formation is lost, simulating the changes noted in the crowded S cul- 
tures. 

Age . — It has long been known that striking morphological changes 
may be noted in the smooth pneumococcus colony if observed over the 
course of several days or a week. Such changes are by no means 
unique for the pneumococcus. 

Hadley (1) has reviewed the extensive literature on this subject, emphasizing 
the phenomena of secondary and even tertiarj’’ colony formation which is common 
to a large niunber of bacterial species and may occur either with or without actual 
lysis of the primary colony. 

Atkin (11) has recently emphasized some of the changes which the pneumo- 
coccus colony exhibits on serum agar plates of suitable reaction and of suffiaent 
depth of media to allow growth to proceed for a considerable time, observing that 
the colony after increasing in size for 2 or 3 days subsequently became more or less 
completely autolyzed and transparent. On the succeeding day or two, evidences 
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■of secondary colony formation were observed in which one, two, or more minute 
papilhe could be discerned on the surface of the original colony and these con- 
tinued to grow for a week or two, eventually forming opaque secondary colonies 
which sometimes entirely covered the remains of the original site. He noted that 
these papillae or secondary colonies did not undergo autolj’sis and that organisms 
from them were resistant to the lytic action of bile. 







Tect-Fig. 1. 


In a series of daily observations upon S pneumococcus colonies 
grown upon rabbit blood agar (pH 7.8) with sufficient depth of the 
media in the plate to retard drying for a period of a week, we have 
observed the changes which the colony exhibits during successive days 
and in particular the processes of colony autolysis and “papilla” 
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formation. The progressive changes exhibited by both S and R col- 
onies, together with the similarity wliich the latter bear to the colonies 
produced by Slrcpiococcus viridans, are illustrated in tlie diagram- 
matic sketch shown in Text-fig, 1. 

As mentioned above, the tjqDical "ring forms” are characteristic 
of the 24 hour S colony. At the end of 48 hours many of the colonies, 
having reached their maximum size, begin to show partial autolysis, 
which becomes progressive during subsequent days. The extent 
to which this process occurs differs with individual strains and is 
enhanced when the colonies are in close approximation to one another. 
At the 48 hour stage, however, frequently the central areas, com- 
prising one-third or one-half of the original colony, appear to have 
"collapsed” wlule the remainder still retains its original characteris- 
tics, with rounded edges and a smooth surface. The collapsed or 
autolyzed portions are only slightly elevated from the surface of the 
media and present a granular or pitted surface, the line of demarcation 
between the two parts of the colony being generally quite sharp. 
After the 3rd day the majority of smooth pneumococcus colonies go 
on to complete autolysis without surviving papillm and eventually 
appear under the microscope only as faint shadows (Fig. 7), although 
to the naked eye they are still visible upon the agar surface. On the 
other hand, by and after the 3rd day, signs of secondary growtli may 
begin to appear in the form of papillm, eitlier in the surviving elevated 
portions or on the remainder of the colony site. These papillm become 
more prominent on subsequent days. They are generally multiple 
and of variable size retaining at first a rounded contour and smooth 
surface (Fig. 8). With some strains tliere is a marked tendency to 
produce large numbers of papillm so tliat the original colon)'’ site may 
be studded with dozens of tiny round, conical elevations (Fig. 9). 
Such papillas seldom undergo lysis. They may steadily increase in 
size during the 4th, 5th, and 6th days, extending beyond the edges of 
the original colony site, thus producing in some instances secondary 
colonies, as large or even larger than the original. By the 6th day the 
survi'ving papillae or secondary colonies are quite characteristic. If 
they are large at this stage their surfaces are frequently granular, often 
rugose, and dotted with protuberances. The edges are beaded with 
tiny nodules and the picture is not unlike that of an old R pneumo- 
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COCCUS or an old streptococcus colony rising from the remains of an 
autolyzed pneumococcus colony. Here again, although the secondary 
colony recalls that of an R pneumococcus and, as Atkin has shown, 
the actual organisms from such a colony do exhibit variant properties, 
it is e^'ident that complete dissociation into a new strain has not taken 
place, for if these rough secondary colonies are transferred to fresh 
media, tj'pical smooth colonies result. 

'With true R pneumococci the daily changes exhibited by the 
colonies over a period of a week differ materially from those of the S 
variety. The 24 hour R colony has already been described. In 48 
hour cultures it is larger; it may be either rounded or fiat and occa- 
sionally shows a slight central depression. Instead of undergoing 
autolysis as S colonies do, it continues to grow and the characteristics 
of roughness, opacity, and compactness become emphasized with 
increasing age, again recalling the changes exhibited by Streptococais 
viridans more than those of the S pneumococcus. The colony may 
continue to increase steadily in size, tending to flatten out during the 
3rd, 4th, and 5th days often by spreading out from the base either in 
the form of a scalloped or beaded edge. Tiny nodules or papillae 
appear on the surface or edge of the colony about the 4th day, recalling 
the appearance of those noted in the S colonies. 

Biminuiion of Blood in the Culture Media . — ^There are undoubtedly a 
number of conditions imder which atypical pneumococcus colonies may 
be produced upon media which are deficient in suitable nutritive 
requirements for luxuriant growth. Our studies have been limited 
to a series of observations on the effect produced by diminishing the 
amount of rabbit blood added to nutrient agar. 

If the concentration of blood is reduced to a pomt where the pneu- 
mococcus begins to grow poorly, distinctly atypical colonies occur. 
This phenomenon generally occurs for S types when the concentration 
of rabbit blood added to nutrient agar falls below 5 per cent. The 
colonies rmder these conditions appear small and rough. Here again 
the organisms from the colonies cannot be designated as true R forms 
for on transfer to suitable media they produce smooth colonies and may 
be shown to be type-specific by appropriate agglutination tests. 

Acid and Alkaline ilfedfa.— Finally the effect winch variations in 
the ^drogen ion concentration of the media exert upon colony for- 
mation of both S and R pneiunococci has been studied. 
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The experiment was pcrfonnecl in the following manner: Twelve 
lots of nutrient agar were prepared covering a range in pH of 6. 2-9.4, 
and to each lot 15 per cent rabbit blood was added. Owing to teclini- 
cal difficulties the final pH of the blood agar was not estimated and 
we have consequently designated the samples of media at which 
growth could be initiated on the acid and alkaline side as about pH 
7.0 and about pH 8.3 respectively. Daily observations and draw- 
ings of the colonies were procured covering the changes exhibited over 
a period of a week by each strain on the different lots of media. 


TABLE I. 

Dijfcrci:t:al Properties oj S and R Pncuv.ocorcus Colonics. 


Troperty 

S 

R 

Size 

1 

1 

Marked variabilitj', ranging 
from 0.1-2 mm. in diame- 
ter. Original colonies 

reach ma.ximum size be- 
tween 24 and 4S Ijrs. 

Moderate variability, ranging 
from 0 . 1-1 mm. in diameter. 
Colonies may show pro- 
gressiro increase in size over 
a period of 5-7 days 

Shape 

Round or elliptical, often c.t- 
hibiting a central depres- 
sion. Tend to be confluent 

Round, elliptical, and often ir- 
regular. Tend to be dis- 
crete 

Surface 

Smooth during first 48 hrs. 
with subsequent irregular- 
ity accompanjdng autolysis 

Becomes progressively rough 
after 24 hrs. 

Autolysis 

hlarked in 36-96 hr. cultures 

Practically absent during 1st 
wk. 

Secondary colony for- 
mation 

Alarked in 36-96 hr. cultures 

Present in 4S-96 hr. cultures 

Alethemoglobin forma- 
tion 

Present 

Present, but may be replaced 
by slight hemoIj'’sis 


From this study we have made the following general observations. 
On the extreme alkaline side (pH about 8.3) the colonies of S strains 
of pneumococci proved to be quite atypical, small, and rough, re- 
sembling somewhat the colonies produced by tliese same organisms 
when grown upon media poor in blood. Here again, however, the 
organisms could not be classified as true R pneumococci for they 
showed colony autolysis, and if transferred to more suitable media, 
immediately produced typical smooth colonies. On the acid side the 
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S pneumococcus colonies showed little deviation from the normal 
picture with the possible exception of the fact that with certain strains 
of Tj'pe ni the colonies occasionally imderwent more rapid lysis 
coupled with early and extensive formation of secondary colonies, a 
phenomenon which has been noted by Atkin (11). An interesting 
feature, however, was that with one of the Tj^pe III strains typical, 
rough colonies appeared on the 2nd or 3rd day, scattered among the 
smooth whenever it was plated upon acid media. The organisms 
from these colonies proved to be true R pneumococci. 

With R pneumococci, the colonies proved quite constant in appear- 
ance when grown in media covering a wide range of hydrogen ion 
concentrations, and apart from the fact that they tended to be some- 
what smaller in strongly acid and alkaline media we have failed to note 
other changes. 

General Characteristics of Smooth and Rough Colonies . — Some of the 
properties which have been foimd characteristic for S and R pneu- 
mococcus colonies have been assembled, for the sake of brevity, in 
tabular form (Table I) . We have only mentioned those which are of 
more value in differentiating the two groups. 

DISCUSSION. 

The general appearances and properties of typical S and R pneu- 
mococcus colonies have been briefly reviewed with a discussion of the 
distinctive colony characteristics presented by each group. Empha- 
sis has been laid upon the more labile natmre of the S colony which is 
characterized by the rapid growth of a smooth surfaced disc-shaped 
structure which subsequently imdergoes rapid autolysis and secondary 
colony formation. The R colony is characterized by a rough surface, 
gradual and progressive increase in size over a period of several days, 
failure to undergo rapid autolysis in early cultures, and more limited 
secondary colony formation, recalling in some measure the appear- 
ance and behavior of the colonies produced by members of the 
Streptococcus viridans group. 

It has also been shown that mere roughness of the surface of a 
pneumococcus colony does not necessarily indicate that the organisms 
from such a colony are true R forms for some of the observations given 
above show that S pneumococci may, under a variety of different 
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environmental conditions, give rise to "pseudo rough” colonics. The 
distinction between "pseudo rough” and true R colonies is that 
organisms from the former retain their type specificity and immedi- 
ate y give rise to tjqiical S colonics when transferred to suitable 
^vironment, whereas, it is recognized that the organisms from true 
colonies do not revert to S forms with such apparent ease. It is 
conceivable, however, that the organisms in "pseudo rough” colonies 

ma}'’ be closely related to some of the intermediate forms v/hich have 
been described. 


SUMMARY. 

The characteristic appearances exliibitcd by the surface colonies 
o oth S and R pneumococci in 24 and 48 hour cultures upon rabbit 
blood agar have been reviewed. Emphasis has been laid upon the 
e lavior and structure of the colonies formed by R pneumococci, 
leir frequent similarity to the colonies formed by certain strains 
0 treptococcus viridans, and their failure to undergo rapid autolysis in 
48-96 hours, a phenomenon which is highly characteristic 
0 t e S pneimococcus colonies. With tlie S pneumococci it has been 
s own that ^ pseudo rough” colonies may be immediately produced 
un er certain unfavorable cultural conditions but such changes in 
CO ony morphology as these do not indicate tliat complete dissociation 
as taken place and that the organisms may be classified as true R 
pneumococci. 


In conclusion I wish to express my thanks to j\Iiss hlargaret :Mc- 
nto ' or her assistance in the technical work of this study. 
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EXPLANATION OF PLATES. 

Pu^TE 31. 

Fig. 1. Colonies formed by S pneumococci (Type U) in an 18 hour culture 
on rabbit blood agar. Some of the small convex forms show beginning mnbfli- 
cation. X about 20. 

Fig. 2. Colonies formed by S pneumococci (Type EO 24 hour culture, show- 
ing large, flat, disc and ring forms. X about 40. 

Fig. 3. Colonies formed by S pneumococci (Type HI) in 24 hour culture show- 
ing rounded and elliptical forms. Typical central umbilication is noted in the 
middle colony. X about 50. 

Fig. 4. Colonies formed by R pneumococci (R-I) in 24 hour culture. Most of 
them assume a convex form. The tendency for central elevation rather than 
umbilication is emphasized by the dark shadows surroimding each colony. The 
surface is definitely granular. X about 50. 

Fig. 5. Colonies formed by R pneumococci (R-II) in a 48 hour culture. 
Roughening and granularity of the surface are more pronounced at this stage. 
X about 50. 

Plate 32. 

Fig. 6. Showing the effect of crowding as exhibited by a 24 hour culture of 
S (Type H) pneumococd. A few typical colonies survive at the edge of the 
growth. The central areas present an irregular amorphous appearance. X 
about 20. 

Fig. 7. Colonies of S pneumococci (T3rpe III) in a 72 hour culture. Moderate 
lysis has taken place; cf. Fig. 3. X about 40. 

Fig. 8. Colonies of S pneumococci (Type I) in a 72 hour culture showing partial 
lysis with surviving papillae on one of the colony sites. X about 30. 

Fig. 9. Colonies of S pneumococci (Type HI) in a 72 hour culture showing 
partial lysis and multiple papillae about the edges of individual colony sites. X 
about 30. 
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iNTRObtrCTION. 

The establishment of recognized groups of pneumococcus variants 
such as the rough or R and possibly intermediate forms has raised the 
question as to "whether these variants, particularly the R forms, play 
any r 61 e in the course of an active pneumococcus infection or in the 
epidemiology of such infections. Up to the present time most of the 
studies upon R pneumococci have been made upon those forms isolated 
in vitro as a result of subjecting smooth or S forms to various cultural 
or en"vironmental conditions. Our kno-wledge of their pathogenicity 
or relationship to the human host is as yet limited, but recent work 
■with animals has suggested that the isolation of these variants of re- 
duced "virulence during the course of pnemnococcus infection may be 
of significance in our general conceptions of the infecti"vity of the dis- 
ease and the host response. 

Wads"worth and Sickles (1) have shown "that the pneumococcus multiplying in 
the tissues of the immunized animal becomes attenuated, and they have reported 
the isolation of several strains of these attenuated pneumocoed from the blood 
stream and heart valves at autopsy, of horses "which had been immunized with 
Type I pneumocoed. These strains showed a loss, in varying degree, in "virulence, 
capadty of capsule formation, siisceptibility to phagocytosis, and type spedfidty. 
The antigenic acti"vity as an immvmizing agent and the production of soluble 
spedfic substance were also altered. With some of these strains it was found that 
the typical pneumococcus characteristics could be restored by one or two passages 
through a mouse, while others remained atypical. 

In a study on the pathogenidty of degraded pneumocoed Reimann (2) has 
discussed the importance of determining whether the R "variants ever appear in 
vivo and, if so, under what conditions. He states that: “Although they have 
been carefully searched for, R forms have not been encountered in the cultures of 
sputum or blood of patients, either during the period of pneumococcus infection 
or during con-valcscence, or in direct cultures from the lungs at autopsy.” On 

sor 
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the otlicr hand, this autlior has shown that under experimental conditions a 
degradation from tlie S to the R form actually docs take place in cultures of pneu- 
mococcus growing in agar subcutaneously embedded in guinea pigs and in agar 
enclosed in ^dals subcutaneously embedded in rabbits. However, tliis change 
was never complete and when the intermediate or R forms did appear they were 
ahvaj's accompanied and usually exceeded in number by the S forms. Another 
interesting observ^ation was that pure cultures of the a\arulent R forms remained 
viable in subcutaneous foci for weeks. 

Pre\dousIy there have been a number of reports on the isolation of atjTiical 
pneumococci from lesions in animals and man. In 1907 Buerger and Ryttcnberg 
(3), in studjdng tlie morphologj' and cultural characteristics of pneumococci in 
human exudates and human blood, concluded tliat wide variations from the 
typical forms may occur. These atj’pical forms could be reverted by animal 
inoculation soon after their isolation, but 2 montlis after isolation the organisms 
had acquired fixed cultural cliaractcristics and repeated animal inoculation failed 
to bring about a cliange. 

Later Rosenow (4, 5), in a scries of studies on pneumococci isolated from cases of 
endocarditis, described tliese organisms as "modified” pneumocoed. They were 
atypical from tlie standpoint of their morpholog}'', methcmoglobin formation, 
inulin fermentation, and tlie fact that the colonies produced by these organisms 
on blood agar adhered more dosely to the surface of the culture medium than 
those produced bj’- tjTpical pneumocoed. However, by cultivating tliese strmns 
in normal serum or blood and by animal inoculation a reversion to tj^iical 
pneumocoed was established. 

Bull (6) has also reported tliat certain changes may be imdergone by pneu- 
mocoed duruig the course of experimental septicemia in dogs. He noted that 
pneumocoed isolated as the infection was subsiding were more susceptible to the 
action of immune serum than tlie original cultures which had been injected. In 
one fatal case the pneumocoed isolated on the 9th day grew in chains and were 
avirulent. 

From the observations quoted above it would seem likel}’’ that in 
the earlier work some of the avirulent variants which have been 
isolated by Rosenow (5) and others from human patients may have 
been related to the R or intermediate pneumococcus forms. The 
more recent observations of Wadsworth and Sickles (1) and Reimann 
(2), however, have shown conclusively that such degradation of pneu- 
mococci may be produced experimentally m vivo. 

In order to study this question we have limited ourselves to a single 
aspect of the major problem in an effort to determine whether or not 
one may isolate proved R pneumococci from the human body and, if 
so, under what conditions. The observations given below present 
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-evidence whicli we believe answers the first question in the affirmative, 
but the data which deal with the second question are as yet too limited 
to lead to a profitable discussion. 

The main feature of our work has consisted in a differential study 
of a group of organisms which we have isolated in a small number of 
instances from the sputum of individuals suffering from infections of 
the respiratory tract. The strains which we have studied have been 
■primarily selected on the basis of colony differentiation together ■with 
their ability to produce methemoglobin when gro-wn upon the surface 
of rabbit blood agar and the study has essentially resolved itself into 
the differentiation of these forms from strains of S pneumococci or 
from strains of Sirepiococcus •siridaiis* and possibly other species of 
allied bacteria. 

Mellwds. 

For colony difierentiation 18-24 hour cultures were made on fresh rabbit blood 
•agar plates (pH 7.8) and studied according to the methods outlined in a previous 
paper (9), 

Broth cultures -were made in 1 per cent dextrose broth to which rabbit blood 
had been added in a concentration of 10 per cent. 

Two standard R strains of pneumococd, R-I and R-II, were employed as con- 
trols throughout the work. These were obtained from The Rockefeller Institute 
for Medical Research through the kindness of Dr. O. T. Avery. The S strains of 
type-specific pneumococci, also used as controls, were obtained from the sputum 
of cases of lobar pneumonia which occurred at the Pennsylvania Hospital during 
the -winter of 1926-27, all of which had been subjected to one animal passage. 
Five strains of Streptococcus viridans and one strain of hemobtic streptococcus, 
also used for controls, were obtained from recent blood cult-ures of cases of sub- 
acute bacterial endocarditis and hemoijrtic streptococcus septicemia respectively. 
•AH the control strains were kept at room temperature on rabbit blood agar -with 
weekly transfers. 

The anti-S or type-specific antipneiunococcus serum employed for precipitation 

* It is evident that any investigation which attempts to differentiate the or- 
•ganisms of the so called green-producing streptococcus group and R pneumococci 
should include a discussion of the possible relationship between these two forms. 
Morgenroth and his collaborators (7) have recently reported that by special 
methods it was possible to transform pneumococd into streptococd with the pro- 
duction of various intermediate forms. The e-vidence to support such a -view is 
not, however, convincing, and in a critical re-view of this work Reimann (8) has 
been unable to arrive at similar conclusions. 
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and agglutination tests was obtained from the Division of Laboratories and 
Research, New York State Department of Healtli. 

EXPERIMENTAL. 

During the past 18 months wc have been engaged in a series of pneu- 
mococcus colony studies on cultures which liave been obtained from 
the spinal fluid, mastoid, chest cavity, and other regions of the body 


TABLE I. 

Type of Cose and Sta^c of ihe Disease from Which the Tu'clvc Strains (X—I to 12) 

Were Obtained. 


No. 





Pulmonary lesion 

St.agc of disease 



yri. i 

■ 

1 



1 

J.D. 

SO 

9 

w. 

Bronchopneumonia 

Early in active stage 

2 

A. B, 

7 

it 

i 

tt 

Mild postoperative 
bronchopneumonia 

« tt tf it 

*3 

J.M. 

39 

1 

I 

M. 

tt 

Lobar pneumonia 
(lYpe n) 

ft tt (1 *t 

•4 

it 4t 

39 1 

tt 

tt 

tt tt 

tt tt tt tt 

*S 

A. S, 

28 

ft 

tt 

tt tt 

tt tt tt tt 

*6 

it t( 

28 1 

ft 

tt 

tt it 

tt tt tt tt 

•7. 

M.S, 

37 

F. 

c. 

Lobar pneumonia (Type 
W) (fatal case) 

Late “ " ‘‘ 

•8 

it (t 

37 

tt 

c< 

tt tt 

I tt 11 <{ Cf 

9 

T. S, 

28 

tt 

w. 

Bronchopneumonia 

tt tt tf tt 

•10 

J.M. 

39 

M. 

tt 

Lobar pneumonia 
(Type II) 

Early convalescence 

11 

R. S. 

42 

tt 

\ tt 

Bronchopneumonia. 

Active tuberculosis 

During active stage of 
bronchopneumonia 

12 

LA. 

26 

tt 

;C. 

Lobar pneumonia 
(Type I) 

Late in active stage 


* Nos. 3, 4, and 10 represent the same patient, as do also Nos. S and 6, 7 and 8. 


taken during the active stage of a pneumococcus infection. In none 
of these cultures, many of which had been obtained from suppurative 
lesions of varying age, were we able to detect the presence of R pneu- 
mococci. 

R Pnewnococci in Sputum Cultures. 

In attempting to isolate R pneumococci from sputum our attention 
was first directed to a survey of the colonies which are formed by 
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different strains of Streptococcus viridans in sputum cultures from 
normal individuals and from individuals representing a wide variety 
of clinical conditions. The viridans colonies which occur in sputum 
cultures apparently exhibit a very wide degree of variation. Many of 
them prove to be quite different from those of R pneumococci while 
others are practically indistinguishable. From the latter groups a 
number of strains (about 40) were isolated from suspected colonies 
and from these twelve bUe-soluble strains were selected for further 
study. These strains have been designated X-1 to 12 inclusive, and 
are listed in Table I together with the diagnoses of the cases from 
which they were obtained. The data presented in this table merely 
show the type of cases we have studied. No conclusions regarding 
the degree of incidence of R pneumococcus in the sputum, either in 
cases of this type, or in normal indi\’iduals, have been drawn from 
such a limited number of observ^ations. 

Probably one of the most satisfactory methods for establishing the 
identity of a variant organism is to effect a reversion to a more easily 
recognizable form and subsequently to identify the resulting organism. 
We have been unable to take advantage of this method in these studies, 
however, for to date we have been unsuccessful in producing a rever- 
sion from R to S forms either with the control strains of R pneumo- 
cocci or with the suspected strains of R pneumococci which have been 
obtained from the sputum cultures. Consequently other methods 
have been employed for the identification of the suspected strains. 
Assuming a priori that the suspected organisms might be classified 
either with the large group of so called Streptococcus viridans, or as 
true R pneumococci, we have used three methods, hitherto considered 
of value in differentiating rough pnemnococci from streptococci, 
namely, those of determining (a) the degree to which the organisms are 
soluble in bile, (6) the degree to which they imdergo autolysis in saline 
solution, and (c) their agglutination reactions with anti-R pnemno- 
coccus senun. 

(c) Bile Solubility. — Although the lytic action of ox bile and sodium 
taurocholate solutions is widely employed as a useful method for differ- 
entiating pneumococci from Streptococcus viridans, it is recognized that 
some strains of pneumococci are more resistant to the action of bile 
than others. Reimann (8) has noted that R pneumococci are more 
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resistant to the lytic action of bile than S pneumococci. Occasionally 
one may encounter strains of S pneumococci which arc similarly 
resistant and to emphasize this fact wc have included such a strain 
among the S controls. We arc not aware, however, that any of the 
recognized strains of Streptococcus viridaus possess the property of 
being dissolved in ox bile or in the lower concentrations of sodium 
taurocholate solutions used in the following experiments. 


TABLE n. 


Viohiltiy of Strains after Exposure to Bile and Sodium Taurocholate Solutions. 


strain 

Ox 

bile 

per cent of added sodium 
tauroctiolate solutions 

Strain 

Ox 

bile 

Per cent of 
added sodium 
taurocholate 
solutions 

2.S 

s 

10 

20 

2.5 

s 

S-I (1) 

0 

0 

0 



X-l 

0 

0 

0 

s-n ( 1 ) 

+ + 

0 

0 



X-2 

0 

0 

0 

s-n ( 2 ) 

+ 

+ 

+ 

+ 


X-3 

0 

0 

0 

s-n (3) 

0 

0 

0 

0 


X-4 

0 

0 

0 

s-m ( 1 ) 

0 

0 

0 



X-5 

0 

0 

0 

s-m ( 2 ) 

0 

0 

0 



X-6 

0 

0 

0 


0 

0 

0 



X-7 

0 

0 

0 

R-I 

0 

0 

0 



X-8 

0 

0 

0 

R-n 

+ 

0 

0 



X-9 

0 

0 

0 

Strep, vir. (1) 

+++ 

+++ 

+++ 

++ 

++ 

X-10 

0 

0 

0 

“ “ (2) 

+++ 

+++ 

+++ 

++ 

++ 

X-11 

0 

0 

0 







X-12 

0 

0 

0 


+++ = profuse growth. 

+ + = moderate growth. 
+ = very few colonies. 
0 = no growth. 


Methods of Testing Bile Solubility, — ^The organisms from a 24 hour broth culture 
were taken up in a corresponding volume of salt solution. Equal parts of ox bile 
and solutions of sodiimi taurocholate in concentrations of 2.5, 5, 10, and 20 per 
cent were added to these suspensions and they were placed in the incubator for 
2 hours at 37°. By culturing a loopful of suspension on rabbit blood agar, both 
at the beginning and at the end of the experiment, the viability of the organism 
after exposure to bile was determined. 

Results. — The results are given in Table II. Some of the S strains 
showed evidence of being more or less resistant to the lytic action of 

















TABLE III. 

Viability of Strai>is after Exposure to Saline Soluliou. 


JOHN VAXTL 


c 

.2 

5 

*0 

«9 

O 

.s 

"5 

«n 

.s 

6 
»2 

rS 

X> 

SJ 

u 

.2 

o 

M 

eo 

++ 000000000 + 

'O 

1 + + + + 1 

X 00 + +++++T 

+ + + + ^ 

1 

+ + ++++++ 

+ oo-h + 4 * + + -i"i* 

+ + + + + + 4 - + 

M 

+ + + + + + -}' + 

+ 0 ++ ++++++ 

4- -f + + + + + + 

1 

+ ,4- 4-4-4-4-4-4- 

4-4-4-t+ 4-4-4-4-4-4- 

4- ■^4- 4-4'4-4-4-4- 

Strain 

O M 

'k '■>. X 

1 

*3 

-S 

.2 

c 

»S 

tS 

JO 

9 

u 

.s 

*o 

«> 

CO 

4* 4* 4' 

000000000004-4-4* 

4-4-4- 


4 . -4- 4-4- 

oo oooToT-ro 4 - + 

-i- -r^. 4 . 4 , 


1 > -1- -h -1- 

00 -f 0 T 0 T -f 0 -f -}- 

+ +4- 4-4- 

M 

4.4. 4- 4. 4. -f- -i- -f- 

1 

-h 4- -i- -i- -i- -i- + -i- + 

strain 

^ ^ to 

s <»-v C? ^ * 

»-4 to -w •* 

WCOCOCOWC/JCOtOWP^cSCS'* 


w 


=, profuse growth. 
+-|- =» moderate growth. 
+ ■=> few colonics. 

0 ° no growth. 
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bile and sodium taurocliolate solutions, but all were dissolved in the 
concentrations employed, although the strains of Streptococcus viridans 
survived in these same concentrations. One of the two control R 
strains proved to be slightly resistant to ox bile. About one-third of 
the colonies chosen from sputum cultures on the basis of their resem- 
blance to the colonies of R pneumococci proved to be bile-soluble ac- 
cording to this method. These have been designated as X-1 to 12 and 
are shown in the right hand columns of the table. 

(b) Aiitolysis hi Saliuc Solution. — The readiness with which pneumo- 
cocci, particularly the R forms, undergo autolysis when suspended in 
saline solution at 37°, as opposed to streptococci of all varieties which 
undergo autolysis very slowl}'-, has also been emphasized by Reimann 
(8) . We have used this method in an attempt to differentiate the two 
organisms. The results are given in Table III. 

Methods . — The organisms from a 24 hour broth culture were taken up in a 
corresponding volume of physiological salt solution and placed in the incubator 
at 37°C. for a period of 18 hours. Cultures were made from these suspensions at 
stated inter%'als. 

Results. — It will be noted that with all the control S and R strains 
of pneumococci the organisms had ceased to be viable at the end of 18 
hours, whereas the Streptococcus viridans strains grew as readily at the 
end of 18 hours exposure to salt solution as at the beginning. Three 
of the X strains grew at the end of 18 hours while all the others under- 
went autolysis. 

(c) Immunological Reactions. — Lancefield (10) has shown that the 
protein of various strains of Streptococcus viridans is immunologically 
identical with that of the pneumococcus. Consequently serum pro- 
duced by each Streptococcus viridans agglutinates all R pneumococci. 
On the other hand individual strains of Streptococcus viridans seem to 
possess a substance comparable to tire soluble specific substance of 
the pneumococcus which masks or prevents agglutination of Strepto- 
coccus viridans by anti-R pneumococcus serum and in testing six 
strains of streptococcus witli anti-R pneumococcus serum Reimann 
(8) was unable to get any evidence of agglutination. It is recognized, 
however, that anti-R pneumococcus serum wall agglutinate and pre- 
cipitate the protein from all R pneumococci, regardless of their original 
type (11). 
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In the light of these observations the theoretical question arises as 
to whether degraded forms of the streptococcus group which have lost 
the power of elaborating their soluble specific substance may not occur 
in vivo. If such is the case one might expect that “degraded strepto- 
cocci” would be agglutinated by anti-R pneumococcus serum. Our 
e.xperimental data have been reviewed critically in this light and we 

TABLE rv. 


Agglulimling Reactions vnth Anli~R Pnetinwcoccus Serum. 


Strain 

i 

Dilution of anti-R 
pneumococcns serum 

1 Strain 

Dilution of anti-R 
pneumococcus scrum 

I/IO 

1/20 

1/40 

1/10 

1/20 

1/40 

S-l(l) 

-}-++ 

++ 

:±r 

X-l 

0 

0 

0 

S-I(2) 


+ 

t ± 

X-2 

0 

0 

0 

S-I (3) 

-1-1-1- 

++ 

+ 

X-3 

++ 

+4" 

+ 

s-n ( 1 ) 

+ 

-t- 

0 

X-4 

0 

0 

0 

s-n ( 2 ) 

0 

:iz 

0 

X-5 


+4* 

a. 

t 

s-n (3) I 

0 

0 

0 

X-6 

0 

0 

0 

s-ra ( 1 ) 

-1- 

+ 

a. 

X-7 

0 

0 

0 

s-m ( 2 ) 

0 

0 

0 

X-8 

0 

0 

0 

s-in (3) 

+ 


0 

X-9 

+ 

0 

0 

R-I 

++++ 

+++ 


X-IO 

0 

0 

0 

R-n 

+-1-1- 

+++ 

+++ 

X-11 


0 

0 

Strep, vir. (2) 

0 

0 

0 

X-12 


0 

0 

“ “ (3) 

0 

0 

0 





“ hzm. 

0 

0 

0 






-(-+++ = finn disc. 

++-}- = disc easily broken up. 

-b+ = coarse agglutination. 

+ = fine agglutination, 
db = faint agglutination. 

0 = no agglutination. 

have consequently not accepted as fact that any methemoglobin- 
producing diplococcus which is agglutinated in appropriate dilutions 
by anti-R pneumococcus serum is necessarily an R pneumococcus. 
We have assumed, however, that such agglutination reactions are of 
relative importance if taken in conjunction with other findings. 

MclJtods . — ^The anti-R pneumococcus serum was prepared accordmg to the 
principles of Cole and Moore (12). Bacteria from 18 hour broth cultures of two 
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strains of R pneumococci, R-I and R-II, were suspended in salt solution and kilted 
at 56°C. Rabbits were inoculated with this suspension, a preliminary scries of 
subcutaneous injections being followed b}* two scries of sLx intravenous injections 
each. 

The agglutinating reactions were run in duplicate upon saline suspensions of 
washed bacteria. Readings were made after incubation at 37°C. for 5 hours and 
again after 12 hours in the ice bo.v. 

Results . — The results are sliown in Table IV. It will be noted that 
several of the S strains gave agglutination reactions in moderately 
high dilutions of the anti-R serum. These results are not altogether 
in accord with those of Reimann (11) but the degree of dissociation 
which may have occurred in these strains when suspended in saline 
solution has been an uncontrolled variable in our hands. No aggluti- 
nation was obtained with the three control strains of streptococcus. 


TABLE V. 

Reactions Exhibited by Suspected R Pneumococcus Strains, 


Strain 

1 

2 

3 

4 

S 

6 

7 

f! 

p 

1° 

11 

12 

Bile solubility 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

Saline autolysis 

0 

0 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

0 

Agglutinadon 

0 

0 

+ 

0 


0 

0 

0 

0 

0 

.0 

0 


-h = reaction typical for R pneumococci. 

0 = reaction atypical for R pneumococci. 


Of the X strains only two gave agglutinating reactions wliich are 
comparable to those of true R pneumococci. 

A summary of the findings exhibited by these organisms is given in 
Table V. 

Of the twelve strains of suspected R pneumococci obtained from 
sputum cultures only two consistently exliibit reactions whicli are 
t37pical for R pneumococci. No attempt has been made to explain 
the at3^ical reactions nor to classify the ten strains which have ex- 
hibited such reactions. We do not feel, however, that we have as j’’et 
evidence to say that any of these ten strains may be considered as true 
R pneumococci although it is not unlikely that they may be interme- 
diate or related forms. We have felt, on the other hand, that the two 
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remaining strains may be justifiably classified, on tbe basis of the three 
reactions given above, as R pneumococci. 

The evidence suggests that R pneumococci may be demonstrated 
in the sputum of patients suffering from pneumonia but these forms do 
not seem to be very common if we consider that on the basis of colony 
differentiation about forty strains were originally selected and but two 
of these were identified as true R pneumococci. 

smoiARy. 

In a survey of about forty rough methemoglobin-producing colonies 
in sputum cultmes from a series of individuals suffering from respira- 
tory infections, twelve bile-soluble strains of suspected R pnemnococd 
have been isolated for study. Two of these twelve strains have shown 
both autolysis in saline solution and serological reactions characteris- 
tic of R pneumococci. 

The findings offer evidence that R pneumococci may occasionally 
occur in human sputum. Their significance as regards the epidemi- 
ology of pneumococcus infections and of host response is alluded to. 

In conclusion the author wishes to express his appreciation to Miss 
^Margaret McClintock for her assistance in the technical work of this 
study. 
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A STUDY OF THE HERING-BREUER REFLEX. 
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INTRODUCTION. 

The observation has been made by several investigators that a rapid 
respiratory rate depends on intact vagal conduction. In experiments 
on anesthetized rabbits, Scott (1908) showed that an increase of carbon 
dioxide (not above 6 to 7 per cent) in the inspired air after the vagi had 
been divided was followed by an increase in the depth of breathing, but 
that the rate remained practically unaltered. On the contrary, the 
response of animals with intact vagi was an increase in rate, as well as 
in depth of respiration. Porter and Newburgh (1917) foimd that the 
.rapid respirations occurring in dogs in whom they had produced an 
experimental pneumonia became normal after cocainizing the vagus 
nerves. They had noted before this that if the vagal trunks were 
sectioned previous to infecting the animals the respirations did not 
become rapid (1916). Dunn (1920), and still later Binger and his 
coworkers (1924), demonstrated that the rapid and shallow breathing, 
produced experimentally in animals by the intravenous injection oi 
a suspension of potato starch granules, disappears immediately if the 
vagus nerves are divided or frozen. It was shown later that animak 
in whom the vagi had been sectioned several months previous to the 
injection of starch granules did not accelerate their rate (Binger and 
Moore, 1926). It would appear from the investigations of these 
latter authors (Duim and Binger) that the Hering-Breuer reflex was 
enormously exaggerated under the conditions of their experiments. 
Presmnably section of the vagi blocked the peripheral stimuli that were 
essential to the rapid rate. 

In spite of the many studies that have been made of the vagal influ- 
ence on breathing, the manner in which the vagal nerve endings are 
excited is not yet clear. Our interest in this subject developed from 
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an effort to explain the rapid and shallow breathing seen clinically in 
pneumonia, and produced experimentally in animals by the intrave- 
nous injection of potato starch granules. Tlic c-xperiments tliat will 
be presented were designed to study the nature of the Hering-Breuer 
stimulus. 

IlistorkaL 

Early last ccntur>'’ Lcgallois (1812) obsmxd that section of the vagus ncives 
is followed by slowing and deepening of the respirations. 

Hering and Breuer (1868), in a scries of c.xperimcnts performed on dogs and 
rabbits, botli witli and without anesthesia, showed tliat inflation of the lungs at 
once produces a movement of c.xpiration and deflation a movement of inspiration. 
These observations were made both when die animals brcatlied naturally and when 
the lungs were expanded or collapsed artificially. The influence was not present 
w'hen the vagi were dirdded. On the basis of their ewdcnce Hering and Breuer 
formulated a theorj’ for the self-regulation of respiration. They concluded that 
the respiratorj’ center was continuouslj’’ influenced through the vagi by the move- 
ments of the lungs, c.xpansion checking inspiration and initiating c.xpiration, and 
collapse checking e.xpiration and initiating inspiration, Hering and Breuer also 
described a pause in respirator}' movement following distention of the lungs. 
They explained this as an inspirator}' inhibition due to vagal excitation following 
expansion. 

The observations of Hering and Breuer were confirmed and elaborated by 
Head (1889), and later by Christiansen and Haldane (1914), and Haldane and 
Mavrogordato (1916). Head showed that inflation of the lungs produces an 
instant and complete relaxation of tlie diaphragm, and that if air be sucked out 
of the lungs the diaphragm will go into a state of tonic contraction. Both of 
these effects were absent if the vagi had been prewousl}' cut. 

Christiansen and Haldane W'ere the first to study the effect of distending the 
lungs on the human respiration. Distention was provided at the end of expiration 
by having the subjects breathe from a bag containing air, and so weighted that the 
air was under a pressure of 6 to 8 cm. of water. The respirations ware recorded 
with a stetliograph. When the lungs were distended in this manner, the respirator}' 
movements invariably ceased, for usually about half a minute.^ That the pause 
was not due merely to lowering of the alveolar CO 2 pressure was shown b}' the fact 
that it was still produced when the air in the bag contained 7.3 per cent of CO 2 
and 8.2 per cent of O 2 . At this time, Christiansen and Haldane e.xplained the 
pause that they had observed in man as an Hering-Breuer “inhibitor}'” effect. 

^ The pause in respiratory movements referred to here is the primal}' pause 
and must be distinguished from a secondary pause tliat was also obsen'ed. This 
latter was clearly shown to be related to a low'ered CO 2 percentage in the inspired 
air and was described as a true chemical apnea. 



EICHMOKB L. MOORE 


821 


This interpretation, however, was subsequently changed by Haldane (1922), 
and the pause has since been described as simply a prolonged expiratory effort. 

Haldane and ^.lavrogordato demonstrated in man that interruption of either 
respiratory phase interrupts the previous rhythm of the respiratory center. If 
expiration is interrupted, there follows a prolonged expiratory phase during which 
the intrapulmonary pressure gradually rises. This is finally terminated by an 
inspiratory effort. If inspiration is obstructed, a prolonged inspiratory effort 
follows, but under these conditions the intrapulmonary pressure falls and the 
negative phase is termmated by an expiratory effort. Commenting upon these 
and the foregoing experiments, Haldane (1922) says: “The respiratory center 
does not act independently of the lung movements, but inspiratory or expiratory 
discharge of the center goes hand in hand with actual inspiration or expiration, as 
if the center were one piece with the lungs.” 

Boothby and Berry (1915) also studied the effects of distention of the lungs on 
the respiratory rhythm in man, and extended their observations to normal and 
vagotomized dogs. The lungs were distended by having the subjects breathe 
from a spirometer so weighted that the air was under a pressure of 8 to 16 cm. of 
water. The dogs did not require anesthesia. The respiratory movements were 
recorded qualitatively by means of a pneumograph, and quantitative curves of 
the “coordinated total respiratory movements” were written by the spirometer. 
None of the curves that they obtained showed a primary inspiratory inhibition. 
In regard to the experiments of Hering and Breuer, they say: “The pause noted 
by Hering and Breuer is not at the top of inspiration but at the bottom of expira- 
tion, that is, the next expiratory phase is prolonged and inspiration is delayed, 
or, as they say, ‘inhibited,’ by vagal stimulation.” In experiments on dogs, in 
which the pulmonary branches of both vagi had been divided, Boothby and Berry 
obtained several instances of a short apnea on distention of the lungs. They con- 
cluded that the vagi do not transmit imprilses which, according to Hering and 
Breuer, arise from distention of the lungs and inhibit inspiration. 

Einthoven (1908) studied the action currents in the peripheral end of the 
divided vagus by means of a string galvanometer. Anesthetized dogs were used 
and the vagus was divided high up in the neck. Records of the electrical changes 
in the nerve were made by photographing the image of the galvanometer string. 
WTien the animals breathed naturally curves were obtained that showed rmdula- 
tions synchronous with the respiratory movements. Additional experiments 
were carried out on the effects of insulSating and deflating the lungs. These 
showed that the excitatory state of the vagus nerve endings was related to Ixmg 
volume and not to intrapulmonaiy pressure. In other experiments of this type 
Einthoven found that electrical changes occurred in the peripheral end of the cut 
nerve that were sj-nchronous with artificial deflation of the lungs. He accepted 
his findings as evidence of the presence of two kinds of pulmonar>' vagus fibres 
and concluded that his e.xperiments gave support to the theory on the =elf- 
rcgulation of respiratorj’ movements that had been advanced bv Herinc and 
Breuer. ' ° 
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Sdiafer (1919) admits that respirations arc affected by influences coming from 
tlie lungs, but calls attention to the fact that double vagotomy is not always 
followed by constant effects. lie believes that the results of vagotomy may be 
influenced considerably by obstruction at the glottis from paralysis of the laryn- 
geal muscles and a falling together of the thyroarytenoid ligaments. When this 
is avoided Schafer slates that the slowing of breathing is often absent or transi- 
tory, and that animals may sundvc section of the vagi indefinitely. 

Pi Suficr and Bcllido (1921) claim to have produced evidence to show that tlie 
vagal nerve endings in the lungs are susceptible of being stimulated by high 
concentrations of carbon dioxide in the alveolar air. This idea was not a new one, 
for Traube (1871) had supposed that carbon dio.xide could act by directly stimu- 
lating the pulmonary terminations of the vagi. 

More rccentlj’’ Lumsden (1923) advanced the theory that in easy breatliing the 
vagal endings are stimulated bj' the air currents passing in and out over the ciliated 
tracheal mucous membrane. Lumsden, however, admits that extreme distention 
and collapse of the lungs give rise to vagal impulses of a different kind. 

It is obvious from this brief review of the literature that our knowledge of the 
true character of the Hering-Breuer stimulus is incomplete. 

Method. 

The method used is similar to the one described by Churchill and Agassiz 
(1926). It permits separate recording of tlie respiratory movements of each 
lung. Two brass tubes serve to divide the trachea into two separate compart- 
ments. The tubes are 14 and 22 cm. long and both have an internal diameter of 
6 mm. The longer one is ligated in the bronchus on one side. The shorter e.x- 
tends downward to tlie opposite bronchus, but does not necessarily enter it. Each 
cannula connects with a separate respiration system including inspirator}" and 
expiratory valves, soda lime for removing CO 2 , and a small spirometer for recording 
the changes in respiratory" movements. Tracings of tlie respiratory curves were 
made by equipping tlie spirometers with writing pens. Dogs anestlietized with 
barbital-sodium were used, as previously described (hloore and Binger (1927) ). 

The operative procedure was the same in all e.xperiments. ^^'hen satisfactory 
anesthesia had been obtained the trachea was e.xposcd in the neck and the right and 
left vagus trunks were isolated. The traclica rvas tlien opened and tlie metal tubes 
introduced and temporarily anchored in place by a ligature. After tliis meclianical 
respiration w’as provided separately for each lung by forcing air intermittently 
under slight presure into tlie two tubes. The air escaped tlirough one branch of 
a Y-shaped tube connected with the system. The dog was placed on tlie side 
with the forelegs extended and the tliorax was opened through the 5th intercostal 
space, right or left as the occasion demanded. Durhig tlie operative procedures 
within the thorax the ribs were held apart by a meclianical retractor and the 
lungs retracted from the field by cotton packs soaked in warm, physiological 
sodium cliloride solution. In isolating the bronchus blunt dissection was used 
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as much as possible in order to lessen the danger of nerve injurj'. After placing 
a ligature beneath the bronchus the long cannula was manipulated into position, 
and tied firmly in place. Expansion of all lobes subsequent to this indicated that 
the correct position had been obtained. The further procedure depended on the 
nature of the experiment and will be mentioned in the descriptions of the individual 
e.xperiments. Before completely closing the thorax the lungs were expanded to 
e.xpel the air from the chest. Closure was accomplished by suturing the inter- 
costal muscles. Placing of ligatures about the ribs was pruposely avoided for fear 
of limiting the free motion of the thoracic wall. \\'hen closure was complete the 
opening in the trachea was made tight after the manner described by Churchill 
and .Agassiz, and the animal connected with the two respiration ^'stems. All 
animals breathed 90 to 95 per cent oxj'gen throughout the period of observation. 
During operation the animals were kept warm bj' an electric pad and the rectal 
temperature was recorded at repeated inter\-als. During the period of observa- 
tion the animals were surrounded by warm air. 

EXPEKDEENTAI,. 

I. The Effect of Cutting One Vagus Nene on the Respiratory Movements 

of Each Lung. 

Schafer (1919) calls attention to the possibility of vagal section 
leading to a collapse of the smaller bronchial tubes from paralysis of 
their muscular lax-er. If such were the case, cutting the vagus nerx'e 
on one side might seriously interfere with the passage of air into and 
out of the respirator}' bronchioles of the lungon the sideof vagal section. 
Under these conditions one would expect less air to enter the lung, 
the vagus of w'hich has been dixdded. The following experiment 
(No. 1) was made to test this point. 

Experiment 1 . — .\n animal, anesthetized with barbital-sodium, breathed during 
the control period at the rate of 28 per minute. The tidal air of the right lung 
was 44 cc. and the tidal air of the left lung was 56 cc. Immediately following 
section of the right vagus nerx'e the respiratory rate dropped to 14, the tidal air 
of the right lung rose to 55 cc., and the tidal air of the left lung to 72 cc. These 
figures show that unilateral vagotomy was accompanied by an increase in the 
tidal air of both lungs. .\ similar, but e.xaggerated response was noted after 
cutting the left vagus. When the left vagus was cut the right and left lungs 
showed an increase in tidal air to 100 and 138 cc., respectively. The e.xperimental 
data are brought out in Table I and the respiraton,- curx'es are reproduced in 
Fig. 1. 
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same, but more pronounced. 'J’imc in seconds. 
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This experiment -was repeated, and similar results were obtained. 

As a corollary to these experiments, the effect oi partial obstruction 
of the bronchus of one lung on the tidal air of each lung has been 
studied. The right bronchus was gradually occluded by means of a 
specially constructed metal tap, previously described by us (Moore 
and Binger, 1927) which was introduced into the system between the 
bronchial cannula and the respiration valves. Blalock, Harrison, and 
Wilson (1926) found, in their studies on morphinized dogs, that partial 
obstruction of the trachea in both phases of respiration causes slow, 
shallow breathing. In the light of these findings it was anticipated 

TABLE I. 

Experiment 1. The Efecl of Culling One Vagus Nerve on the Respiratory 
M ovements of Each Lung. 

Weight of dog, 17.5 kilos. Total barbital-sodium, 0.33 gm. per kilo body 
■weight. 


Time 

Procedure 

Respiratory 
rate per minute 

Tidal air 


Right lung 

I.efl lung 

0.12 

Dog breatliing 90-93 per cent 

28 

cc, 

44 

cc. 

56 

3.14 

Oi throughout experiment 

28 

44 

56 

3.15 

3.15+ 

Cut right vagus 

14 

55 

72 

3.17 


15 

51 

64 

3.18+ 

3.19 

Cut left vagus 

9 

100 

138 


that resistance to the passage of air into and out of one lung would 
decrease the depth of respiration of the lung on the side of the resist- 
ance and probably increase the depth of breathing of the opposite 
lung. In Experiment 2, Fig. 2, during the period of resistance on the 
right side the tidal air of the right lung dropped from 61 to 20 cc., 
whereas the tidal air of the left limg increased from 79 to 116 cc! 
Similar results were obtained on two other occasions. 

The results of the experiments in this group, then, may be summar- 
ized as follows: The effect of unilateral vagotomy on the character of 
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breathing is the same in both lungs, namely; There occurs an equiva- 
lent slowing and deepening of respiratory movement. This would 
suggest that the variation in respiratory movement that follows vagal 
section is not due directly to local changes in the lungs. The evidence 
rather supports the view that is now generally held, namely, that 
cutting the vagus nerves blocks penpheral impluses that refle.vly 
modify the character of breatliing. The results that we obtained are 
in harmony with Einthoven’s (1892) e.vperiments. Einthoven meas- 
ured the changes in intratracheal pressure in anesthetized dogs when 
artificial respiration was provided by blowing in and sucking out a 
constant volume of air at each respiration. In six experiments the 
dianges in intratracheal pressure after cutting the vagus nerves were 
as follows: Three animals showed a drop that was less than 1 mm. 
HrO, and the other three animals showed decreases of 7, 2-1, and 2 mm, 
HoO, respectively. Einthoven accepted these findings as evidence that 
section of the vagus nerves does not cause any noticeable cliange in 
the cross-section area of the broncliioles. He concluded that, when 
tlie bronchial muscles are at rest, the vagi exert little or no tonic effect 
upon tliem. 

II. The EJfect of Blocking One Bronchus on the Respiratory Movements 
Recorded by the Opposite Lung. 

In four experiments, using the teclinique described, the bronchus 
to one lung was completely obstructed while obtaining grapliic tracings 
of the respiratory movements of the opposite lung. In eacli instance 
the right bronchus was the one blocked. The result of this manceuver 
was a slowing and deepening of the respirations in the functioning lung. 
On three occasions, after a brief interval, the animals became anoxemic 
and the respirations accelerated. Tins may be seen in Experiment 3, 
Fig. 3; and in Experiment 4, Fig. 4. Having established tlie t}qDe of 
response to obstruction of one bronchus we were tlien in a position to 
stud}’' the effects of this plus vagotomy on the corresponding side. 
Tliis will be dealt -with presently. 

In the meanwhile, it should be incidentally mentioned tliat the 
response of the functioning lung was influenced by the position of the 
opposite lung at the time its bronclius was bloclced. Wlien the right 
bronchus was blocked at the end of expiration the next movement of 
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the left lung u-as a relatively deep inspiration (Fig. 4) ; when, on the 
other hand, the right bronchus was blocked at the end of inspiration, 
the next movement of the left lung was a relatively deep expiration 
(Fig- 3). 
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Fig. 2. Fig. 3. 

Fig. 2. Experiment 2. Effect of partial occlusion of the right bronchus on the 
respiratory- movements of each lung. The curve passes from left to right. Upper 
tracing made by' the right lung. Lower tracing made by- the left lung. Inspira- 
tion down and expiration up in both tracings. In the upper tracing an excursion 
of 0.9 cm. represents a 100 cc. change in the volume of the recording spirometer. 
In the lower tracing, written by a smaller spirometer, a volume change of 100 cc. 
causes an excursion of 1.88 cm. At E the cross-section area of the top was 
finally reduced to 0.1 sq. cm. This caused the tidal air of the right lung to 
decrease from 56 to 20 cc. and the tidal air of the left lung to increase from 87 to 
1 16 cc. .-Xt F the obstruction was removed and the tidal air of each lung returned 
immediately- to the control level. Time interv-al 2 seconds. 

Fig. 3. Experiment 3. Effect of blocking the right bronchus on the respiratory- 
movements recorded by the left lung. The cur\-e passes from left to right. Upper 
tracing made by- the right lung. Lower tracing made by the left lung. Inspira- 
tion down and expiration up in both tracings. In the upper tracing an excursion 
of 0.9 cm. represents a 100 cc. change in the volume of the recording spirometer. 
In the lower tracing, written by a smaller spirometer, a volume change of 100 cc. 
causes an c.xairsion of 1.88 cm. .\t .1 the right bronchus was completely occluded 
at the end of inspiration. The next movement of the left lung was a deep expira- 
tion. The respiratory- rate immediately- slowed, but within 3 minutes accelerated 
to 38, 11 breaths above the control level. Time in seconds. 
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III. The Efect of Occlusion of the Right Bronchus Plus Right Sided 
Vagotomy on the Ventilation of the Left Lung. 

The object of this procedure was to learn whether or not the charac- 
teristic response of unilateral vagotomy, which we have just described, 
is influenced by the motions of the lung, the vagus of which has been 
sectioned. It has previouslj’’ been assumed that the Hering-Breuer 
reflex is set off by the alternate expansion and collapse of the lungs. 

T.\BLE II. 

Expcrimcnl 4. The Effect of Occlusion of the Right Bronchus Plus Right Sided 
Vagotomy on the Ventilation of the Left Lung. 


Weight of dog, 20 kilos. Total barbital-sodium, 0.32 gm. per kUo body weight. 


Time 

Procedure 

Respiratory* 
rate per minute 

Tidal air 

Right lung 

Left lung 




cc. 

cc. 

1.07 

Dog breathing 90-95 per cent 

21 

86 

27 


Oj throughout experiment 




1.14 


22 

86 

30 

1.18 


21 

86 

30 

1.19-k 

Right bronchus blocked 




1.20 



0 

56 

1.22 


26 

0 

159 

1.25 


34 

0 

127 

1.28 


35 

0 

114 

1.32 


35 

0 

109 

1.35 


32 

0 

109 

1.38 

Right vagus di\’ided with 





scissors 




1 39 


22 

0 

116 

1.42 


24 

0 

130 


The experiments described under this heading were designed for the 
purpose of inquiring into this point. It is admitted that their some- 
what complicated and unnatural character is objectionable, but, bj' 
them, we were able to observe the respirator^" movements of one 
relatively normal lung while its fellow was rendered functionless bv 
blocking its bronchus and cutting or freezing its vagus ner\'e. Four 
c.xpcriments of this tj-pe were performed, of which one is reported in 
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more or less detail. In (wo the vagus nerves were cut; in the other 
two frozen, lloth methods gave similar results. 

/i.v/xr/wc;;/ ■/.— Jn lliis e.xperinu'iil. daring the control period, the animal 
breathed at tlic rate of 21 per iniiuitc. 'flic tidal air of the right lung was 86 cc. 
and the tidal air of the left lung was .80 cc. When the right bronchus was blocked 
the tidal air of the left lung increased to .86 cc. with the very next brc.ath. 2 
minutes later it had risen to 1.89 cc. 'flic respiratory rate slowed immediately 
after the bronchus was blocked, but williin .8 mimIte.^ increa.'cd to 26. .8 minutes 
after this the animal was cyanotic, the rate had accelerated to .8-1, and the tidal 

TAULK III. 

Exprriiin'iil 5. The EJfccl oj Occlusioit of the Ri^hl Bronchus Plus Right 
Sided Vogotouty on the Ventilaliou of the Left Lung after 
Division of the Right Phrenic Xerve. 


Weight of dog, 1 1 kilo.s. Total barbital-sodium, 0..8.8 gm. per kilo body weight. 


Time 

TrocctUirc 

Kc’8pirnlnry 

j Tid.ll .lir 

r.itc ixT niiniilc 

Riplit liinK 

Lett lunR 




mgm 

ec. 

12.. 8.8 

Dog breathing 90-9.8 per cent 
0. throughout c.vperiment 

32 

B 

30 

12. 3S 
12.39 

Riglit bronchus blocked 

32 

20 

35 

12.41 


38 

0 

41 

12.44 

12.46 

Section of right vagus 

oS 

0 

36 

12.47 


29 

0 

' .88 

12.53 


27 

0 

3S 

12.59 


24 

0 

40 

1 03 


2.8 

0 

40 


air of the left lung had decreased to 127 cc. 10 minutes later tlie respiratorj’ rate 
was 32 and the tidal air of the left lung was 109 cc. At this point the right vagus 
was cut. The rate immediately dropped to 22 and the tidal air of the left lung 
increased to 116 cc. During the next 3 minutes the tidal air of the left lung 
increased to 130 cc. These changes are brought out in Table II and Fig. 4. 2 hey 
shoiv that the response to one sided vagotomy is not altered by previously preventing 
respiratory motions in the vagotomized lung. This is opposed to the view which 
is generally held as to the nature of the Hering-Breuer reflex. 

Before drawing conclusions from our own observations we must 
consider two possibilities wdiich maj’^ be of importance. First, docs 
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blocking the bronchus actually prevent lung motion? Second, could 
the slowing of respirations be explained on the basis of crossed inner- 
vation of the vagus fibres? 

That limg motion is prevented by blocking'the bronchus is probably 
true, since all access of air to the lung has been excluded, and since 
at autopsy the occluded lung presents a picture of complete collapse. 
It is unlikely that an atelectatic lung could follow the movements of 
the diaphragm and chest wall. In this connection an experiment 
(No. 5) was performed in which the expansion of the right lung was 
severely limited from the start by cutting the right phrenic nerve in 
the chest. Presumably the limited expansion was due to partial or 
complete paralysis of the right half of the diaphragm. Under these 
conditions the tidal air of the right lung was only 20 cc. The tidal air 
of the left Ivmg was 35 cc. The respiratory rate was 32. The dog 
was anoxemic as indicated by the dark color of its tongue. 5 minutes 
after blocking the right bronchus the respiratory rate was 38 and the 
tidal air of the left lung was 36 cc. The right vagus nerve was cut at 
this point. The rate immediately slowed, but the amplitude of the 
respirations of the opposite lung was practically unaltered. The 
results of this expennent are presented in Table lU. With air unable 
to enter the lung, and with the right half of the diaphragm paralyzed, 
it is difficult to conceive that there could have been any lung motion. 
Nevertheless, the respiratory rate slowed when the right vagus was 
■cut. The experiment is of additional interest because it shows that 
slowing of respirations which follows after occlusion of the right bron- 
chus and section of the right vagus nerve still occurs even though the 
phrenic nerve on the same side has been divided. This indicates that 
the slowing of respirations following imilateral vagotomy does not 
depend upon the interruption of impulses arising from the contraction 
and relaxation of the diaphragm. 

Regarding the second possibility, the e.xistence of crossed vagal 
innervation has been recognized for some time. This has recently 
been demonstrated for the sensory fibres by Larsell (1921). 

To control the influence of crossed innervation on our results we 
have devised a technique whereby the vagal fibres to the left lung were 
•divided at the hilum. By this procedure we were able to observe 
■the effect of right sided bronchial occlusion and vagotomy on the 
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TABLE IV. 

Experiment 6, The EJfcct aj Occlusion of the Right Bronchus Plus Right 
Sided Vagotomy after Division of the Pulmonary Branches 
of the Left Vagus Nerve. 


Weight of dog, 18.5 kilos. 7'otal barhital-sodiiim, 0..? gm. per kilo body weight. 


Time 

1 

Procedure 

RfSpirntnrj’ 

Tiri.%1 air 

rntc i>cr minute | 

1 

Right lung 

Reft lung 

3.13 

Dog breathing 90-95 per cent 

1 

22 

cc. 1 

(A 

ce» 

64 

3.17 

Oi throughout c.rperiment 

1 

22 

1 

66 

67 

3.18 

3.19 1 

Right bronclius blocked 

24 

0 

118 

3.22 


32 

0 

128 

3.24 


33 

0 

112 

3.30 

3.33 

Section of right vagus 

16 

0 

160 

3.35 


19 

0 

155 


TABLE V. 

Experiment 7. The Efcct of Occlusion of the Right Bronchus Phis Right 
Sided Vagotomy after Division of the Pulmonary Branches 
of the Left Vagus Nerve. 

Weight of dog, 17.5 kilos. Total barbital-sodium, 0.3 gm. per kilo body weight. 


Time 

Procedure 

Respiratory 
rate per minute i 

Tidal air 

Right lung 

Left lung 




cc. 

CC, 

2.49 

Dog breathing 90-95 per cent 

47 

40 

14 


0. throughout c.xperiment 




2.51 

Right bronchus blocked 




2.52 


37 

0 

66 

2.55 


43 

0 

66 

2.58 


40 

0 

66 

3.00 

Section of right vagus 




3.01 


27 

0 

105 


motions of the left lung, which had been previously denervated with 
respect to its vagal fibres. There could, therefore, be no question 
of crossed innervation. This experiment was done twice with identi- 
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cal results, which are presented in Tabes r\' and The upshot of 
these experiments was entirely analagous to that of our prexnous ones, 
showing that crossed innerx’ation of vagal fibres was not responsible 
for the results obtained. 

IV. Is the Response to Unilateral Vagotomy Dependent upon an Intact 
Pulmonary Circulation ? 

We have seen thus far that the slowing and deepening of the respira- 
torj' movements of one lung, when the vagal impulses from the other 


1 
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Fig. 5. Experiinent 8. Effect of cutting the right vagus neive on the respira- 
torj- movements of each lung after ligation of the right pulmonarr* arterj-. The 
arterj' was ligated within the pericardium. The cur^ e passes from left to right. 
Upper tracing made by the right lung. Lower tracing made by the left lung. 
Inspiration down and expiration up in both tracings. In the upper tracing an 
excursion of 0.9 cm. represents a 100 cc. change in the volume of the recording 
spirometer. In the lower tracing, written by a smaller spirometer, a volume 
change of 100 cc. causes an excursion of 1.88 cm. During the control period the 
tidal air of the right lung was 30 cc. and the tidal air of the left lung was 36 cc. 
.-\t .1 the right vagus ner\-e was divided. The respirations of each lung immedi- 
ately became slower and deeper. Time in seconds. 

lung are intercepted, does not depend upon the motions of the vagoto- 
mized lung nor upon the existence of crossed innervation of vagal 
fibres. It remained to discover whether blocking the circulation of 
blood through the pulmonart- arterx- of the vagotomized lung would 
influence the rcspon.se of the other lung to vagal section. The 
reason for regarding this as a possibility was thought to lie in the 
statement encountered from time to time in the literature, and pre- 
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^ioush alluded to, IhaL (he va/;al endings in the lung arc locally 
scnsi(i\c to carbon dioxide. Indeed, a mechanism has been suggested 
^\ herein the fluctuation in tension of alveolar carbon dioxide has been 
conceived as (he e.xcitatory stimulu for (he JJering-Ureuer reflex. 
Adequate c.\'i)erimcntal evidence for the existence of such a mechanism 
is, honever, not at hand. IJy obstructing the flow of blood through 
the^ pulmonar}' artery of the lung whose vagus was subsequently 
divided, we rendered (his lung functionless in rcs])ect to its gas 
c.xchangc. No normal fluctuations in the alveolar carbon dio.xide 
tension of such a lung could occur and in time the alveolar carbon 
dioxide tension would be much reduced. In E.vpcrimcnL 8 (Fig, 5) 
samples of alveolar air were withdrawn from each lung a few minutes 
after the vagus nerve had been cut. ddiis was accomplished by pass- 
ing a small catheter deep into the bronchus and collecting the gas in 
sampling tubes. I he air from the left lung contained 7.18 per cent of 
carbon dio.xide, whereas that trom (he right, whose pulmonart' artery 
had been ligated, contained only 1.16 jrer cent of carbon dio.xide. It 
was found that vagotomy under these circumstances resulted in the 
same slowing and deepening of respirations recorded by the other lung, 
as occurred wlien the pulmonar}- circulation to the vagotomized lung 
was intact. This is shown in Fig. 5. It may be concluded, therefore, 
that the characteristic results of unilateral vagotomy do not depend 
upon an intact pulmonary circulation. 

mscussiox. 

In the introduction of this paper we described the e.xperiinents of 
several investigators to illustrate the point that a rapid respiratory 
rate, experimentally produced in airimals, disappears imnrediatel}’' if 
the vagus nerves are di^dded. Our own e.xperiences in this field bad 
led us for some time to attach more and more importance to the local 
excitation of vagal irerve endings in the lungs as the most likely expla- 
nation of the rapid rates. The literature on this subject was convinc- 
ing in oirly one respect, namely, that e.xcitatioir of the pulmonary 
tenniirations of the vagus nerves is related to the alternate e.xpansion 
and collapse of the lungs. The experiments that we have described 
are unique in having shown that the vagal influence is still present 
after lung motion has been prevented. In this respect they modify 
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our knowledge of the nervous control of breathing. The experiments 
are incomplete in that they do not explain the origin of the reflex that 
we have studied. 

The inferences drawn from our experiments are sound in so far as 
one is willing to admit that the slowing and deepening of respirations 
that foUow unilateral vagotomy indicate an interruption of afferent 
impulses that normally travel this path. One will avoid confusion in 
following the argument by constantly bearing in mind that the slowing 
and deepening of breathing after vagotomy means, we believe, that 
a normal reflex has been interrupted. 

SUMMARY AND CONCLUSIONS. 

1. Cutting one vagus nerve, while recording the pulmonary ventila- 
tion of each limg separately, has no unique effect on the ventilation of 
the denervated lung. Both lungs respond to unilateral vagotomy by 
an equivalent slowing and deepening of respiratory movement. 

2. When the bronchus to one lung is blocked the first effect is a 
slowing and deepening of the respiratory movements recorded by the 
opposite lung. As 'oxygen want develops these movements become 
rapid and shallow. 

3. With a combination of these two conditions, i.e., when the bron- 
chus to one lung is blocked and its vagus nerve is severed, the pulmo- 
nary ventilation recorded by the opposite lung exhibits the same 
changes as may result from imilateral vagotomy alone, unaccompanied 
by occlusion of the bronchus. 

4. From these facts it may be concluded that the slowing and 
deepening of breathing which follows unilateral vagotomy does not 
depend for its occurrence upon the passage of air in and out of the 
bronchus of the lung whose vagus nerve has been secrioned. 

5. The slowing of respirations after occlusion of the bronchus to one 
lung and section of the corresponding vagus nerve still occurs even 
though the phrenic nerve on the same side has been divided. This 
indicates that the slowing of respirations following unilateral vagotomy 
does not depend on the movements of the diaphragm on the side of 
vagal section. 

6. WTicn the pulmonary artery to one lung has been ligated and the 
vagus neiA-e on the same side cut, the response of the other lung is the 
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same as has been described, namely, its respiratory movements become 
slower and deeper. This is taken as evidence that the results of uni- 
lateral vagotomy are not dependent upon an intact pulmonary 
circulation. 

7. The general conclusions from these experiments arc that the 
slowing and deepening of respirations following unilateral vagotomy 
do not depend upon: (a) Passage of air in and out of the trachea. 
(b) Expansion and collapse of the lung, (c) Existence of a normal 
pulmonary circulation in the vagotomized lung, (d) Normal fluctua- 
tions in alveolar carbon dioxide tension, (c) Contraction and relaxa- 
tion of the diaphragm on the side of vagotomy. 

8. The slowing and deepening of respirations, alluded to, may be 
presumed to indicate that a normal reflex (the Hcring-Breuer reflex) 
has been interrupted. Since this interruption occurs in spite of all the 
conditions enumerated under Paragraph 7, we must conclude that 
none of these conditions is essential to tlie e.xistence of this reflex. 

I take great pleasure in c.xpressing thanks to Dr. Carl A. L. Binger. 
for valuable suggestions, and for his helpful interest in the course of 
this investigation. 
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While most of the anemias in human beings are due to some -well 
known cause, and are for this reason looked upon as secondary, there 
are instances in which the cause cannot be determined, though the 
blood changes indicate that even these are of the secondary tj^ie. 
For this reason most of the experimental work done in the past in the 
attempt to obtain more information as to the cause of anemia in 
human bemgs, particularly pernicious anemia, has been based on the 
supposition that it is due to sonie form of intoxication. Recently, 
however, evidence has been furnished indicating that the course of 
experimental anemias in animals, as well as of pernicious anemia in 
hxnnan "Beings, may be favorably influenced by special diets. This 
suggests that some of the obscure anemias may be due to the lack of 
some substance in the body which is essential to normal blood forma- 
tion and which may be furnished in the food. The recent work show- 
mg that calcium metabolism may be affected by various means sug- 
gests that the same may be true of iron. 

Experiments planned to show the effect diet may have in producing 
anemic, in animals have not been very fruitful. Many such attempts 
have been made with diets poor in iron, or in some other supposed 
^ssential, but the results were usually negative. Malnutrition in 
animals can be easily produced, but this is never accompanied with 
the characteristic blood chang^ seen in pernicious anemia. 

Usually it is thought that the o.xygen requirement of the body is 
the most important controlling influence in determining the number 
of red blood cells in the circulating blood, and this belief has received 

* This work was aided by a grant from the Eli Lilly Company. 
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considerable support from llie experiments made on animals and hu- 
man beings which had been kept at high altitudes. However, neither 
this work nor the work with diet proves that there may not be some 
other regulatory mechanism, possibly located in the liver. 

In 1904 Perrin (1) reported good results in the trc.itment of three cases of severe 
anemia, which were associated with hepatic cirrhosis, by adding fresh liver to the 
diet. The results obtained with the feeding of liver by Whipple (2) and his as- 
sociates in the treatment of c.\perimental anemia in dogs and by Minot and Jlur- 
phy (3) in the treatment of pernicious anemia, have made it evident that this organ 
plaj's an important part in red blood cell formation. Recently Whipple and Rob- 
scheit-Robbins (4) have found that water and alcoholic c.vtracts of liver fed to 
dogs with long continued anemia likewise promote red cell regeneration. It will 
be noted that all of 'Whipple’s experiments were made witli dogs which had a 
long continued anemia. 

The belief has been prevalent for a number of 3’ears that the spleen in the adult, 
through a stimulating action on tlie bone marrow, influences blood formation. 
Though this view is not accepted bj' all observ’ers, it is well known that it is directly 
concerned in blood formation during fetal life, and particularly during adult life, 
in the processes of red blood cell destruction. But what is the evidence in support 
of the belief that the spleen produces ah internal secretion which regulates the 
number of red blood cells in tlie circulation? For a detailed discussion of the func- 
tions of the spleen the reader is referred to tlie recent papers by Eddy (5) and 
Krumbhaar (6). 

Brinckmann (7) foimd that feeding normal rabbits with fresh ox spleen caused 
a reduction in tlie red and white blood cells. Zalmski (S) and Danilewski (9) 
reported a marked increase in tlie number of red ceUs bj' a single intraperitoneal 
injection of splenic extract, but Patou, Gulland and Foivler (10) were unable to 
confirm these observations. Krumbhaar and Musser (1 1) also report an increase 
in the red coimt foUow'ing tlie injection of a fresh splenic extract. This increase 
lasted 1 or 2 da3fs. Edd3’^ (5) in his experiment used saline extracts of powdered 
dried spleen and protein-free extracts of fresh and dried spleen. The red cell 
coimts were made at half hour interx^als and continued 4 to S hours after the 
injection. Eacli of his preparations caused a decrease in the number of red cells 
in the circulation. On the other hand, Leake and Bacon (12) report that the feed- 
ing of fresh spleen, or the intravenous injection into rabbits of saline solution ex- 
tracts of fresh spleen, caused a fall in the munber of circulating er3’^tlirocytes withm 
24 hours. It went to 7 per cent above normal after tlie 3rd da3’’, but soon fell to 
normal when administration was discontinued. 

M cihods. 

Extracts of liver, spleen, gastric mucosie and hemoglobin solution were used m 
th'e experiments. The gastric mucosae were obtained from pig stomachs, and the 
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other organs from rabbits or calves. For preparing the protein-free extracts the 
tissues were ground to a pulp by passing repeatedly through a meat grinder. They 
were then extracted with an equal volume of 95 per cent alcohol to whicb had 
been added 0.5 per cent acetic acid. After standing overnight in the ice box the 
mixtme was passed first through gauze and then through filter paper imtil the 
filtrates became clear. The tissue remaining was extracted twice in the same 
manner wth 75 per cent alcohol. The filtrates from the three extractions were 
combined and evaporated to dryness at a temperature not exceeding 45°C., under 
negative pressure. The partially dried mass was then extracted with 75 per cent 
alcohol, filtered and the filtrate again evaporated to dryness. For one experiment, 
Dr. Zucker, of this department, kindly prepared for us a fat-soluble non-saponifia- 
ble extract of the liver. 

In addition to the above, simple saline extracts of the tissues were used. These 
extracts were prepared by grinding up the fresh organ with saline solution in a 
mortar. Ten parts of saline solution were used to 1 of the tissue. The mixture 
was kept in the ice box overnight and then cleared either by filtration through sterile 
filter paper or by centrif ugalization . The hemoglobin solution was made by laking 
15 parts of washed rabbit red cells with 25 parts distUled water and cleared by 
centrifugalization. 

Rabbits were used in all experiments. They were made anemic by bleeding 
from the heart; ether anesthesia was used. If necessarj' to save the life of the ani- 
mal, the blood lost was replaced u-ith saline solution. The blood removed con- 
stituted about 3 per cent of the body weight, or about 60 per cent of the total 
volume. Several blood counts, hemoglobin determinations and reticulated cell 
counts, were made before the bleeding and at frequent intervals afterwards. At 
the end of each experiment autopsies were done, particular attention being paid 
to the organs concerned in blood destruction and regeneration. The details of 
the autopsy findings will be reported subsequently. 

The normal red count in our rabbits was found to be between 5 
millions and 6 millions, which the bleeding usually lowered to about 
2.5 to 3 millions. Only those animals with low red cell counts were 
used in the experiments. The animals were all kept tmder the same 
conditions as to light, food and temperature, and were weighed regu- 
larly. Our interpretation of the results of the injection of the different 
substances was based upon the rapidity with which the normal coimt 
was restored, as compared to a series of similar untreated animals. 
Each of the experiments has been repeated several times during the 
last few years. 

In our preliminarj^ experiments we found that the red count in the 
control animals losing about 60 per cent of their total blood was usually 
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not restored to normal until about 3 to 4 weeks subsequent to tlie 
operation, though evidence of regeneration became quite evident at 
tlie end of the 2nd week. There was also a marked loss in weight dur- 
ing tlie first 2 weeks. With the increasing red count there was an 
increase in reticuloc^des. 

The first experiment was planned to show the effect of protein-free 
extracts of the liver, spleen and stomach on normal animals. Two 
rabbits were used for eacli extract. The freslily prepared extract in 
doses of 5 mg. per kilo of bod)’’ weight was given subcutaneously on 
6 successive days in eacli week. As no effect was apparent after the 
1st week, tlie dose was tlien increased to 10 mg. and this continued 
for a period of 25 da)’'s. 

The animals after recemng the liver extract showed some increase 
in red cells after 30 days, but the increase was so slight that it was 
within the limits of normal variations in tlie red cell count. There 
was an inaease in the neutrophilic leucocytes. Those recemng the 
stomacli extract showed a very slight decrease. On the other hand, 
tlie rabbits recemng the spleen extracts showed a decrease of 1,8 and 
3 millions, respectively. The number of reticulocytes was increased 
in the animals recehmg tlie liver extracts, but was not affected by 
extracts of spleen and stomacli. There was some increase in tlie 
lymphocytes. 

This experiment was repeated several times -n-itli tlie same results 
as regards the liver and stomach extracts. In subsequent experiments, 
however, the spleen extract, whether protein-free or from freshl)’’ pre- 
pared cell emulsions in salt solution, was more active in causing a 
decrease in the red cell count. In tlie animals recemng the spleen 
extracts tlie per cent of reticulocytes, regardless of tlie degree of ane- 
mia, was always low, sometimes considerably below normal. There 
were no clianges in the white blood cells wliicli could be ascribed to 
the extracts. 

The preceding experiment was repeated witli animals wliidi had 
been made anemic by one large bleeding. 2 da 3 ’S subsequent to tlie 
bleedings tlie red cell counts in this series of animals were between 
2.5 and 3.2 millions. Three were left as controls, while tlie others 
received 10 mg. doses of the extracts of liver, spleen and stomach. 
All injections were made into tlie subcutaneous tissues. 
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Blood regeneration in the animals receiving the liver extract ap- 
peared to be a little more active than in the controls, and the reticu- 
locj4,es increased earlier and were somewhat more numerous. The 
neutrophil leucoc^^tes also were somewhat increased. The extracts of 
the gastric mucosae appeared to exert no influence on regeneration. 
In the animals receiving the spleen extract there was very little red 
cell formation. WTien small doses were given there was a prolonged 
period during which there was little evidence of regeneration; but 
■with larger doses the red count was still further depressed. The 
niunher of reticiflocytes in these animals was very low. 

A new series of rabbits was made anemic by bleeding from the heart and then 
injected with extracts, both saline and protein-free, prepared from the liver and 
spleen of rabbits which had been made anemic by repeated bleedings. The 
animals from the organs of which the extracts were prepared were bled every other 
day for 18 days. During this period a little more than 200 cc. of blood was taken 
from each animal, so that the final red ceU cormt in each was a little less than 2 
millions, and the hemoglobin approximately 20 per cent. The average number of 
reticulocytes for the four animals in the beginning was .5 per cent; after 13 days 
7 per cent, and after the final bleeding, approximately 21 per cent. The animals 
were bled to death imder ether anesthesia and the organs used for the preparation 
of extracts. Protein-free e.xtracts were prepared from the livers of these animals. 
Because of their small size we were compelled to rely on saline extracts of the 
spleens. From the blood obtained at the last bleedings, hemoglobin extracts were 
prepared. The methods used in preparing these extracts have been described. 

The hemoglobin solution was injected every other day into the peritoneal cavity 
of the rabbits in doses of 10 cc. The spleen extract was given in doses of 2 cc. and 
the liver extract in doses of 10 mg. per kilo, both subcutaneously. 

Again, in this experiment, the spleen extract rabbits showed prac- 
tically no evidences of any ability to generate red cells. The reticu- 
locytes were not increased above the normal, which suggests that the 
effect noted above may be due to an inhibiting action which the spleen 
extracts have on blood regeneration, rather than a destructive action, 
which we at first thought probable. 

On the other hand, the rabbits receiving the hemoglobin and liver 
extracts did show active red cell regeneration by the end of the 2nd 
week, and the per cent of reticulocytes was somewhat higher than 
that seen in the controls for the corresponding period. 

In the ne.xt e.xperiment we tested the action of a fat-soluble non- 
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saponifiable liver extract kindl)' prepared for us l)y Dr. Zucker of this 
department. In addition, wc again studied the action of the protein- 
free extracts of the liver and spleen. This spleen extract had been 
kept in the ice box for more than 5 months. 

The results of this e.xperiment indicated that the fat-soluble non- 
saponifiable liver fraction was inactive, while the spleen extract, in 
spite of its age, showed the usual inhibiting effect. The blood regen- 
eration in the rabbits recei\dng the non-protein liver extract was quite 
active. 

Though none of the extracts used appeared to be ver}'- active in 
stimulating blood regeneration, 5'ct there was some indication that 
the nonnal red cell count was restored a little more quickl}’- in the 
animals whicli had received the liver extract and hemoglobin solution 
than in the untreated anemic controls. As extracts prepared from 
the organs of animals made anemic by bleeding were inactive, our 
next experiment was made with extracts prepared from the organs of 
animals made anemic by destrojdng the red cells vithin the bod}’. 
This was accomplished by gi\dng intravenous injections of distilled 
water. The injections were given five times in 2 weeks. One animal 
received 140 the other 205 cc. of water. The purpose of the experi- 
ment was to see if tlie organs of animals made anemic in this manner 
would contain the supposedly stimulating end-products of the red 
cells. Briefly, the results of the injection of these extracts showed no 
difference from the preceding. 

While preparing tliese animals we were surprised to note tlie amount 
of distilled water which could be given in this manner vdthout causing 
death. In subsequent e.xperiments it was found that rabbits would 
frequently survive doses of 80 cc. and 120 cc. 

DISCUSSION. 

In part of our experiments vdth liver extracts we obtained results 
which indicated that they contained active substances, but while red 
cell regeneration began earl}'- in all the liver extract animals, a few 
of the controls showed tlie same early regeneration. In addition, the 
differences were not striking in any instance and were within the limits 
of experimental error. For this reason they were repeated several 
times over a period of more than 3 years, with the results mentioned. 
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Of the different extracts used, those prepared from the livers of 
anemic animals acted best, as the red count in the rabbits receiving 
these preparations apparently was restored to normal more rapidly 
than in the controls, and the reticulocyte count was definitely higher. 

On the other hand, the effect of the various spleen extracts was 
quite striking. WTiere the amoimts given were small, the regeneration 
of blood was much slower than in the control animals; while with large 
doses there was a further decline in munber of red cells. The reticu- 
locytes were always much fewer in number. It is possible that we 
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were dealing with a poison, but the low reticulocj4e count suggests 
inhibition of red cell formation rather than cell destruction. 

In the body of the paper we have given no tables showing red cell 
counts, hemoglobin, etc. Had the results been more positive in char- 
acter, they would have been included, but under the circumstances 
It seemed unnecessary to do so. The chart shows more graphically 
the results we obtained in our experiments with liver and spleen ex- 
tracts, and represents the averages obtained in numerous e.xperiments. 
It suggests that blood regeneration in the animals which received both 
rabbit and calf liver extracts is more active than in the controls, but 
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the difference is not marked. On the other iiand, tlie spleen obviously 
has an inhibiting effect. 

Our results are particularly interesting in view of those obtained 
with the feedmg of liver by Wiipple in tlie experimental anemias of 
dogs, and by ]\'Iinot and Murphy in pernicious anemia. Several e.x- 
planations of the discrepancies are possible. First, rabbits may not 
respond to the liver treatment; second, the active substance may have 
been destroyed by the heat used in dr>'ing our alcoholic extracts, 
though it did not exceed 45°C.; third, our preparations were given by 
subcutaneous injection, their’s b}’- mouth; fourth, our animals were 
made anemic by a single large bleeding, while ^^^lipple’s experiments 
were conducted with animals haxdng a chronic anemia produced by 
repeated bleedings. 

It seems not improbable that the marrow of animals vuth a long 
continued anemia vill be h}perplastic and react more readily to the 
presence of a stimulating substance tlian those vdth an acute anemia 
produced by a single large bleeding. In the former case the marrow 
is prepared to act, in the latter case it is not. 

BIBLIOGR/VPHY. 

1. Perrin, M. M., Campl. rend. Soc. bioL, 1904, l\di, 152. 

2. Robscheit-Robbins, and Whipple, G. H., Ain. J. Physiol., 1925, l.TOi, 408. 

3. Minot, G. R., and hlurphy, W. P., /. Ain. Med. Assn., 1926, bcjKvii, 470. 

4. Whipple and Robscheit-Robbins, Proc. Soc. Exp. Biol, and Med., 1927, xxiv, 

860. 

5. Eddy, N. B., Endocrinology, 1921, v, 461. 

6. Krumbhaar, E. B., Physiol. Rev. ,1926, %d, 160. 

7. Brinclunann, A., Acla Med. Scand., 1920, lii, 689. 

8. Zalinski, Quoted by Luciani, Human Physiol., 1911, i, 552. 

9. Danilewski, B., Arch. gcs. Physiol., 1895, l.xi, 264. 

10. Patou, N., Gulland, G., and Fowler, J. S., J. Physiol., 1902, .xx\dii, S3. 

11. Krumbhaar, E. B., and Musser, J. H., J. Exp. Med., 1914, .xx, 108. 

12. Leake, C. D., and Bacon. F. J., J. Pharmacol, and Exp. Therap., 1924, x-xiii, 

353. 



STUDIES ON THE MODE OF SPREAD OF B. ENTER ITIDIS 
MOUSE TYPHOID INFECTION. 

I. Native EproEinaxy. 

Bv LESLIE T. WEBSTER, M.E., akd IDA W. PRITCHETT, Sc.T). 

{From the Lahoratories of The R/jckefeller Institute for Medical Research.) 

(Received for publication, July 9, 1927.) 

GEKERAL INTRODTJCTION. 

Our experimental studies of epidemics have been confined thus far 
to two native animal diseases; mouse typhoid, caused by an organism 
of the animal paratyphoid B group, B. peslis cavisf and a respiratory 
infection of rabbits, Bad. lepisepliciim snuffles and pneumonia. 
Mouse typhoid, being readily adapted to laboratory manipulations, 
has yielded data bearing upon its prevalence and mode of spread; 
rabbit snuffles, notwithstanding the techmcal difficulties encoxmtered, 
has been of use in confirming the data and extending their application 
(l,a). 

The scope of experimental epidemiology may be enlarged by extend- 
ing the investigations to still other animal diseases. With this end 
in view, we have turned our attention to a third native infection, a 
variety of mouse typhoid induced by a bacillus of the enteritidis 
group. This infection is wide-spread among rodents (2), and occurs 
also in man as a form of food poisoning (3). Mice affected show gross 
and microscopic lesions resembling those occurring in the paratyphoid 
E infection (4). Indeed, the major features of these two diseases in 
mice are similar. 

However, two rather spedal characteristics of the enteritidis in- 
fection in mice make a study of the disease of special interest from the 
point of view of experimental epidemiology'. The first of these is the 
fact (hat a high titre bacteriophage may be obtained readily from a 
large per cent of infected animals; the second is that under relatively 

' This organism is also designated B. acrlryche and B. paratyphi. 
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simple conditions, the typical smooth colony fonns of B. cntcrilidis 
change to mucoid and rough colony variants. Similar bacteriophage 
and transformation processes have been considered, of late, to play 
such an important part in detennining the prevalence of other diseases, 
that it seemed desirable to study the phenomena as they occur in B. 
entcritidis mouse typhoid infection and determine, if possible, the 
extent to which they influence its spread. 

The studies to be described are divided as follows: (1) Bacteriologi- 
cal tests on mice from various scattered populations to determine the 
prevailing colony types of paratyphoid-enteritidis bacilli. The 
results of these tests are summarized in this paper. (2) Attempts 
were made to determine the conditions under which “spontaneous” 
transformations of colony types occurred. These experiments are 
described in the next paper. (3) In Papers III and IV of tire series, 
comparative studies of bacilli from the various colony tj'pes were 
carried out with special attention to differences in virulence. From 
these results, a working hypothesis was formulated to e.xplain the 
mechanism of colony transformation. (4) Finally, an elaborate 
study of several populations invohdng several thousand mice spon- 
taneously infected with B. cnieritidis and a Friedlander-like organism 
has been carried on oVer a period of 2 years, to determine at various 
interepidemic, preepidemic, and epidemic periods, the colony types 
and relative virulence of the specific bacteria, and the effect of changes 
in carrier rate, season, and experimental alteration in population 
resistance on the spread of disease. These results are to be published 
later. 

Types of B. entcritidis Recovered from ^‘SpoiiiancousJy*’ Infected Mice. 

Apparently there is general agreement among recent investigators 
that in native paratyphoid-enteritidis infection, the smooth colony 
type of organism predominates at all times. 

Thus Topley encountered only smooth types of B. gaerltier and B. acrlrycke 
during his observations of e.vperimental mouse typhoid epidemics. Thomas 
describes paratyphoid-enteritidis bacilli isolated from guinea pigs as forming, in 
general, the smooth type of colony, although one strain of B. enterilidis appeared 
rough (2, c). Savage and White, in an extensive investigation of the Salmonella 
group, state that “in direct platings from pathological material, colonies of 
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Salmonella bacilli are, as a rule, wholly smooth. On occasion, however, roughness 
may be detected in these first cultures” (3, d). Nelson, describing a typhoid 
epidemic among guinea pigs, states that smooth colony tj'pes predominated; 
occasionally, a few mucoid variants were encountered. 

During the past 5 years, one of us (Pritchett) has tested a number of 
batches of mice obtained from various sources to detect the presence 
of mouse t^^ihoid bacilli. The results of these tests, -which indude the 
spedes and colony type of bacillus obtained, are summarized briefly 
in Table I and may be stated as follows; 

Group 1. Bagedoorn Albinos.— 10 mice received from Professor Hagedoom of 
California in June, 1922, 1 was dead on arrival and at autopsy B. enlerilidis 
was recovered from the blood and feces. A year later a mouse of this strain, a 
descendant of the original 10, died and was found at autopsy to harbor the 
smooth colony type of B. enlerilidis. 

Group 2. Baltimore Albinos. — 100 mice received from a dealer in Baltimore. 
These mice had been strain inbred for a year and a half. 1 mouse was dead on 
arrival and other mice died at intervals of a few days. The smooth type B. 
enlerilidis vras cultured from the blood and feces of the 10 or 12 autopsied. 

Group 3. Amiandale Hybrids. — Composed of black, brown, yellow, and white 
mice. 51 of these mice -were received from Annandale, Ne-w York, in November, 
1922. 3 -were dead on arrival, and 1 other died the nest day; aU were found to 
harbor B. peslis caviz in the blood and feces. Of the 47 which lived, 12 were 
found to be fecal carriers of B. peslis cavix so that of the entire group about 23 
per cent were infected with this organism; smooth colony types alone were 
recovered. 

Group 4. Bagg Albinos. — Of 45 mice sent from Cold Spring Harbor, New York, 
in December, 1922, 1 was dead on arrival and was found to harbor B. peslis 
cavix in the blood, feces, and internal organs. Of the 44 which lived, 36 were 
fecal carriers of B. peslis cavix, so that 82 per cent of the original lot of 45 were 
sho-svn to be infected with this organism; only smooth types were obtained. 

Grotip 5. Lathrop Blacks. — 45 mice sent from Cold Spring Harbor, New York, 
in December, 1922. Two separate fecal cultures of all the mice failed to show any 
mouse t>phoid bacilli. 

Group 6. Lathrop Brcnons. — 100 mice sent from Cold Spring Harbor, New 
lork, in the early spring of 1923. 1 mouse was dead on arrival and 10 or 12 
succumbed during the 1st week; all showed the presence of smooth colonied B. 
peslis cavix in the blood and feces. 

Group 7. Louvain Albinos. — 7 mice were received from the University of 
Louvain, Belgium, in May, 1924, of a stock bred in that laboratory- for 3 or 4 
years. By the end of May, all but 1 had died, and the single survivor died later. 
From three autopsies hea\-y growths of smooth type B. enlerilidis were obtamed 
from the spleen and feces. 
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MOUSE TYPHOID INEECTION, I 


Group S. Princctou Albinos, — 100 mice received from the Department of 
Animal Patliology in October, 1923. 1 mouse was dead on arrival, but autopsy 
cultures showed no mouse typhoid bacilli. Within 2 or 3 days others died and 
showed tlie presence of smooth B. citlcrilidis in the blood and feces. 

Group 9. Lyudi Black Agoutis. — 50 mice obtained from The Rockefeller Insti- 
tute cancer stock in November, 1922. Three fecal cultures were made on the 50 
mice between November Sth and December 4tli. 11 (22 per cent) were found to 
be fecal carriers of smootli B. culerilulis, while 1 mouse carried smooth tjpc B. 
pcstis cavhx." 

Group 10. Pcuusykania Albinos. — 64 mice obtained from a Pennsylvania 
breeder in October, 1925. The mice began to die immediately, about 50 per cent 
succimibing in the first 10 da}’S after arrival. 22 per cent of these mice showed the 
presence of smooth B. cntcrilhUs, either in the feces during life or in tlie blood and 
organs at autopsy. 

Group 11. — The mouse breeding room at The Rockefeller Institute, New York, 
supplies 500 to 1000 mice a month. The population of this room is entirely free 
from B. pesiis cavix infection, so called Jlouse Typhoid II, but docs ydeld an 
occasional carrier of tlie smooth type of B. cnlcrilidis, hlouse Typhoid I. Esti- 
mates of one 6 month period showed tlie percentage incidence of carriers to be less 
than 0.01 (1, 6). 

Group 12. — group of 80 mice wiiicli had sundved a series of experimentally 
induced epidemics of B. pcstis cavix was found at autopsy to be infected witli both 
tlie paratyphoid (2j- per cent) and tlie enteritidis organisms (37-^ per cent). All 
the B. pcstis cavix colonies were smooth; while of the B. enteritidis infected ani- 
mals, 14.2 per cent showed an occasional mucoid colony on tlie culture plates (1 , f')- 

Group 13. — Finally, from groups of mice totalling over 4000 in number, among 
which B. enteritidis typhoid epidemics have been occurring, there have been 
recovered from autopsy cultures, with few exceptions, only smootli colony^ types 
(see introductory' Paragraph 4, Division 4), 

SUMM.4Ry. 

Thirteen batches of mice from nine different sources were tested 
for the presence of mouse typhoid bacilli. Individuals from nine 
of the groups were found to be infected with the B. cuicriiidis 1)^)6, 
four with the paratyphoid B, one with both, and one w'ith neither 
type. With two exceptions, smooth type colonies alone were 
found. These results are in conformity with similar observ'ations 

- The population from which these mice were drawn is entirely separate from 
the regular Institute breeding room. Lyncli has already' reported tlie occurrence 
of two mouse typhoid epidemics among tlie cancer stock, that of 1918-19 being 
due to B. enteritidis, and that of 1920-21 to B. pcstis cavix (2, c). 
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as reported by others and confirm the general belief that smooth colony 
tjTpes of paratj^phoid-enteritidis bacilli prevail throughout the various 
stages of rodent typhoid infection. 
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STUDIES ON THE MODE OF SPREAD OF B. ENTERITTDIS 
MOUSE TYPHOID INFECTION. 


n. Effects of External CoCTmoNS on the Occxtrrence of 
Smooth, Mxjcoh), and Rohgh Colont^ Tyres. 

By LESLIE T. WEBSTER, M.D., akd CASPAR BTJRN. 

{From ihe Lahoralories oj The RockeJeJkr Institute Jor Medical Rescarcji.) 

PlATE 33. 

(Received for publication, July 9, 1927.) 

The observations on the prevalence of various bacterial types in 
spontaneous mouse typhoid infection (1, a) indicate that the smooth 
colony forms of paratyphoid-enteritidis badlli are most common 
during all the various stages of the disease and the presence of a 
mucoid or rough colony variant is an exceptional occurrence. Hence 
it is questionable whether such bacterial transformations, or indeed 
any bacteriophagic phenomena, influence the extent and severity 
of the disease. However, this general subject has received so much 
attention of late in the studies of dTIereUe (2), Arkwright (3), 
Hadley (4), and others, that it seemed necessary to study further 
the problems involved. It is intended in this paper to describe 
certain conditions under which the transformations of B. enieritidis 
occur from smooth to variant colony forms, and from variant back 
to smooth t 3 pe colonies; and later, to offer a partial explanation 
of the nature of the process. 

Cultures were obtained from spontaneously infected mice from 
various sources (1, a). One of these strains (No. 3) has been studied 
by Amoss and Haselbauer (5), Thomas (6), and Sakai (7), and placed 
in the enteritidis group.' But, chief attention has been given to 

' This same culture has been used by Theobald Smith and Nelson (/. Ezp. 
Med., 1927, xlv and xlvi) in identif>’ing organisms from an epidemic of guinea 
pig t>phoid. The mouse typhoid (M. T. I) strain used by them for purposes 
of identification is our Strain 3. They have designated it B. paratyphi, whereas 
we consider it to belong in the B. enteritidis group. 
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strains derived from certain populations of mice at The Rockefeller 
Institute, among which mouse U'jihoid has prevailed during the past 
2 years in endemic or epidemic form (1, a, Group 13). The cultures 
were quite similar to one another and to those from outside sources 
(1, a, Table I). In brief, they consisted of Gram-negative, motile 
rods, growing diffusely in broth, fermenting dextrose, maltose, xylose, 
rhamnose, and mannite, but not lactose, saccharose, salicin, and 
inosite. No indole was produced; lead acetate was blackened. Stock 
B. cntcritidis sera agglutinated the strains to titre and sera prepared 
from several of our own strains brought about ma.ximum agglutina- 
tion in all. 


Colony Formation. 

Direct Plating from Autopsy Material or from Fecal Carriers . — ^As 
stated previously (1, a, Group 13, Table I), several tliousand mice 
have been examined bacteriologically during the course of our ob- 
serx^ations on special mouse populations, and found to harbor B. 
cntcritidis. The cultures, when taken directly from tire animal, 
streaked over plain agar plates, and incubated at 37°, formed txqrical 
smootli colonies. Occasionally, however, if the plates were left at 
room temperature — 23°C. — ^for 12 hours or more at any time during 
the period of observation, mucoid colonies developed, or the smooth 
forms became surrounded by a ring of mucoid growth. Still more 
rarel)'^ and under different circumstances, an occasional rough colony 
was encountered. 

Serial Passage of Smooth Colony Types on Agar and in Broth . — 
The natural tendenc}'- for B. cntcritidis to form smooth tjqie colonies 
can be interfered with in many ways.' But in order to analyze the 
transformation process as it occurs “spontaneously,” we decided to 
observe tlie relatively simple conditions whicli might be encountered 
normally in nature and in the Iaborator}^ 

Experiment 1 shows the effect of direct agar passage at 37° on 
the type of colony formation. 

Experiment 1 . — Four mouse strains of B. cntcritidis were taken directly from 
the stock meat infusion agar slant and passed serially on meat infusion agar 


In Hadley’s monograph, the literature on this subject is rewewed at length (4) . 
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plates, pH 7.4. Strain 1 is a smgle cell culture^ obtained on December 2, 1925, 
from a mouse from one of the special populations mentioned above (i , a , Group 13) . 
Strain 2 is a similar culture from another mouse dying on the same date. Strain 
3 is a single cell culture obtained from a rvild mouse foimd dead in a Rocke- 
feller Institute laboratory in 1921. This strain has been studied by other in- 
vestigators (5-7). Strain 4 is a single cell culture obtained in August, 1925, 
from a mouse from one of the special populations (1, a. Group 13). 

A small amount of the stock culture was taken from each slant and spread 
over plates containing plain beef infusion agar. After 24 to 48 hours incuba- 
tion at 37°, the resulting colonies vrere examined, and one of them picked and 
spread over another agar plate. This method of passage was carried on eight 
times for each strain. 


TABLE I. 


Passage of Smoolh Type Colonies of B. enlerilidis on Plain Agar Plates at 37° 

and Z3°C. 
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Eight agar passages of these four single cell, smooth colony strains 
had no modifying effect on colony tj^pe. Plates from each passage 
showed 100 per cent tj'pical smooth colony forms. Other mouse 
strains of B. enlerilidis behaved in a similar manner for as many as 
twenty passages. 

The effect of temperature on colony type formation was then 
tested (Experiment 2). 

’ Single cell strains were obtained by the use of a technique described bv 
Reimann (S). 
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Expcriptcut 2 . — The cultures used in Experiment 1 were passed in the same 
manner as before, except that each transfer was made in duplicate. One set of 
plates was incubated at 37°C.; the other left at room temperature, 23°. A single, 
well isolated colony from the 37° plate was used for each transfer. The results 
are shown in Table I. 

Strains 1, 3, and 4 remained 100 per cent smooth at both 37° and 
23° for four passages. “Smooth” colonics of Strain 2, however, when 
incubated at 37°, grew out 100 per cent smooth, but when allowed to 
grow at room temperature at 23°, appeared entirely mucoid. These 
colonies remained mucoid when transferred at 23°, but invariably 
reverted to smooth forms when grown at 37°. In all, twenty-one 
cultures of B. entcritidis were tested in this way. Fourteen came 
from the populations described above (1, o, Group 13), four from 
outside mice, and two from spontaneous guinea pig infections. Three 
of these twenty-one strains showed this characteristic of smooth 
growth at 37° and mucoid growth at 23°. 

D’H6relIe (2) and Hadley (4) mention a number of investigators 
who have studied the effect of temperature on bacterial transforma- 
tion, and more recently, Knorr (9) states that certain parat)T>boid 
strains grown in broth at 22° and transferred to enriched solid media 
of a certain thickness and pH of 8.0 result in the appearance of mucoid 
colonies after 24 to 48 hours. However, we have seen no definite 
experimental evidence relating mucoid colony formation directly to 
temperature conditions. 

From these experiments it is concluded that mouse strains of 
smooth type B. entcritidis tend to remain type-pure if passed from 
agar to agar at 37°, but that an occasional smootli strain becomes 
mucoid if grown on agar at 23°. The resulting mucoid colonies 
will remain so indefinitely if transferred and grown at 23°, but when 
the temperature is raised to 37°, revert immediately to the smooth 
form. 

True rough colonies were not found on any plates during the serial 
agar transfer of twenty-one smooth colony strains. Fresh stock 
cultures were passed, together A^nth others, 2, 4, 8, and 12 weeks, and 
2, 4, and 6 months old. Colonies 72 hours and 3 weeks old were 
also used. Dry plates and plates witli considerable surface moisture 
were tested. Frequently, the dry plates produced atypical rough 



LESLIE T. T^'EBSTER AIO) CASPAR BURK 


859 


colonies after 24 hours incubation, but these became relatively smooth 
at 48 hours, and when transferred, grew diffusely in broth and ap- 
peared entirely smooth on fresh agar plates. 

From old broth cultures, however, true rough colony tj'pes were 
obtamed. 

Experiment 3. — Twenty smooth type mouse typhoid strains of B. enterilidis 
were studied. Strains 1, 2, 3, and 4 have been described in the first experi- 
ment. Nos. 5, 6, 7, and 13 to 20 are single cell cultures, obtamed from the special 
populations from July, 1925, to April, 1926. Nos. 8, 9, 10, and 11 came from 
outside mice dying from “spontaneous” mouse typhoid (1, a). These are single 
colony cultures obtained after repeated isolation. Strains 20 and 21 came from 
cases of spontaneous guinea pig typhoid. 


TABLE n. 


Transfer of Smooth Colony Strains from Broth to Agar. 



Each culture was transferred from the stock agar slant to 5 cc. centrifuge 
tubes of beef infusion broth, pH 7.4. After 17 hours incubation at ZT, they 
were placed at room temperature. 8 days later a drop of sediment from each 
tube was streaked over the surface of 15 cm. Petri dishes containing plain meat 
infusion agar. The plates were incubated for 48 hours, and then left at room 
temperature for 1 v,’eek. Similar platings were made on the 12th, I4th, 28th, 
and 33rd days. All suspected rough colonies were grown in broth to detect the 
characteristic granular tj-pe of growth, transferred to plain agar, grown in sugars, 
and identified by means of specific sera of a titre of 1 : 10,000. The results are 
shown in Table H. 

No rough colonies were seen on the 8th, 12th, or 14th day. At 
28 days, however, and again at 33, several strains, when transferred 
to agar, showed numerous tj-pical rough colonies agglutinating in 
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B, cnlcritidis scrum. Transfers from a single colony to broth grew 
granularl}’- and three serial passages of single colonies from agar to 
agar resulted in pure rough type cultures. 

WTen single, colonics of the rough variant strains arc passed from 
agar to agar, tlic}^ remain pure for several transfers, but eventually 
revert to smooth. \A^icn passed from brotli to broth, reversion to 
the smooth tj^pe occurs after the first or second passage. 

Mucoid and rough colon}' variants also occur when brotli cultures 
of the smooth colony forms are transferred daily. 


TABLE III. 

Passage of Smoolh Type Colonics of B. cnlcritidis in Plain Broth at 37°C. 
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+ + + + = 100 per cent; + + + = 75 per cent; ++ = 50 per cent; + = 
25 per cent; 1 = 10 per cent. 


Experiment 4. — Single cell Cultures 1 and 3 were emploj'cd. Both were 
seeded from tlie stock strain to beef infusion broth at pH 7.4, and incubated at 
37°. After 24 hours, one loop of culture was streaked over the surface of an 
agar plate and a second loop transferred to a fresh broth tube. 24 hours later 
the culture in tlie latter tube was plated and transferred again. In all, nine 
broth passages and nine sets of agar plate transfers were made. Table III shows 
the results. 

Strain 1 showed only smooth type colonies on agar transfer plates 
until tlie tliird broth passage. Mucoid colonies then appeared in 
gradually increasing numbers, due probably to tlie fact tliat after 24 
hours incubation, the plates were left at room temperature. After 
four passages of Strain 3, mucoid forms appeared, later accompanied 
by occasional rough colonies. 
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To summarize briefly it may be stated that (1) most smooth type 
cultures of mouse typhoid B. enieritidis remain smooth -when passed 
on agar; (2) that an occasional smooth strain becomes entirely 
mucoid when gro's\Ti on agar at 23° and changes again to smooth when 
the temperature is raised to 37°, and finally (3) that when smooth 
types are grown in broth for 3 weeks or more, or transferred daily 
from broth to broth and plated on agar, rough colonies appear which 
remain rough for several agar passages, but revert to smooth forms 
when grown in fresh broth. Apparently, therefore, iemperaliire 
is one factor involved in this kind of reversible transformation from 
smooth to mucoid colony, and a fluid state of the media a factor 
influencing the reversible transformation from smooth to rough colony 
form. 

Efect of Bacteriophage on Colony Formation. — Many investigators 
have noted that bacteria grown in the presence of an active lytic 
agent give rise to secondary’- cultures which form mucoid and rough 
colony variants. Indeed, there seems to be general agreement with 
Arkwright’s statement that bacteriophage stimulates normal microbic 
mutation (3). The results of our own observations, however, while 
agreeing -with the general findings of previous investigators, suggest 
a different explanation of the process. 

Active bacteriophage was obtained by various procedures, — 
namely, broth passage and filtration of a smooth, “eaten” colony of 
B. enieritidis, taken directly from an autopsy plate, and passage and 
filtration of smooth type cultures plus mouse intestinal material. 
The titre of this bacteriophage was found to be 10“® for all of our 
single cell, smooth colony types of B. enieritidis. 

Experiment 5 was planned to show the effect of bacteriophage- 
containing agar on the colony formation of smooth tj'pe strains of 
B. enieritidis. 


Experiment 5 . — ^300 cc. of agar in flasks were melted, cooled to 48’, and poured 
into 10 cm. Petri dishes. The agar used for the control plates received 30 cc. of 
plain broth, pH 7.4, just before pouring; a second flask, 30 cc. of 10 per cent 
bacteriophage in broth, and a third, 30 cc. of undiluted bacteriophage in broth 
(titre lO"’). 


A small portion of each bacterial culture was taken directly from the stock 
slant and spread over the surface of two plates each, of plain agar, 1 per cent and 



862 


MOUSE XYl’IIOlD INTECTION. II 


+ '•+• 1 ® 
r-l Wo 

^ .is o 
-f 4 -« 

+ + + « 

k! k: tt! -J 

c/3 c/2 c/2 


+ f^'^ w , 

^ ,MW W 4 . w 

4 + to + + + + + + + + + 4 - 4 - + 

(<CflWtOCOU3W5[/3t/3£/5t/3t/5t/5C/3V5 


0000 


+ + + .£ 

f: 

yj w w W 


'I -'+ + 44 

4 -^ 1 ++ gg^+ + + 

4 _o 8 WW ^,^rt 4444 

«"^et£pi(siprfpi£p;4picsipi|5ipi(i' 

i<W(^tOC/ 5 (/>tOWW 5 t/>WWCOC/ 3 C /5 


0000 




WCOy)!/lt/DC/5Cny3W3C/5W3COt/3lOir)tO(/>t/>lOW3I/>C/5t/>W> 

</3</3y3yjtf3*^yjy3y3OTt«toa)c/>y3i/>c/3c/3coy3Wco'c/3y3 




SS typical smooth colony; SR — small, round, blue colony; E = small, wart-like, “eaten” colony; Ring = smooth 
colony surrounded by mucoid ring; MR = mucoid colony; MS = mucoid colony. 
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10 per cent bacteriophage agar. One set was incubated at 37°, the other left at 
room temperature, 23°. Single cell cultures of Strains 1, 2, 3, 4, 5, 6, and 7, and 
single colony Strains 8, 9, 10, 11, and 13 were used. These stock strains have 
been described in the previous experiment. 

/■ ■ 

The results of these tests are given in Table TV'. All strains grown 
on plain agar at 37° gave rise to smooth colonies; at 23° Strain 2 
formed mucoid colonies (see Experiment 2). Subcultures from these 
smooth and mucoid colonies proved susceptible to l3’’sis in broth con- 
taining bacteriophage and grew poorly or not at all on 10 percent 
bacteriophage agar plates. Hence these and aU other typical smooth 
colonies have been designated smooth-susceptible (SS) (Fig. 1), and 
similar mucoid variants, mucoid-susceptible (MS). On the 1 per 
cent bacteriophage agar plates there appeared distinctly less growth 
and a different type of colony. Instead of the typical smooth-sus- 
ceptible colonies, there arose small, round, bluish, smooth forms. 
Some of these were wart-like, with irregular, “eaten” edges and 
raised centers. Organisms from these colonies resisted lysis; hence 
the colonies were designated smooth-resistant (SR) (Fig. 2). On 
plates left at room temperature — 23° — ^mucoid- and smooth-resistant 
colonies with a mucoid ring occurred, in addition to the smooth- 
resistant forms. These mucoid colonies likewise proved phage- 
resistant and hence were designated mucoid-resistant (MR) (Fig. 3). 
Growrth on the 10 per cent phage agar plates was still more scanty. 
On plates incubated at 37° a few scattered smooth-resistant colonies 
were seen, with an occasional mucoid or ring form. On plates left 
at 23° there was less growth. Some remained sterile. 

Further experiments with other strains gave similar residts. In 
one series, four single cell strains were passed eight times on plain 
and bacteriophage agar. Each transfer showed the same tv^jes of 
colonj' variants as described above. From two guinea pig strains, 
however, rough colonies occurred regularlj- on phage agar plates. 
These resisted Ij'sis and were designated rough-resistant (RR) (Fig. 4). 
Rough-resistant colonies were also obtained with great regularity by 
transferring smooth-resistant colonies to plain agar for two or three 
passages. In these two instances, a fluid medium did not seem to 
be necessary for the production of rough colonies. 



Lylic Action of Bacteriophage on Smooth Type B. enteritidis. 
Broth Cultures. 
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Colony Types on Agar Transfers from BroUt anil Asparagine Cultures Containing Bacteriophage. 

Broth Cultures, 



C. ” colonics; S ^ smooth colony (possibly includes SR colonies); ■=> mucoid-resistant colony; R = rough-resistant colony; E 
colony; — " no agar transfer. 

0 no colonics; -|- n, 1 — 10 colonics; -t--!- = 11 — 20 colonies; ■=■ 21 — 50 colonics; 50 -|- colonics. 
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Expcrimcni 6 . — ^This experiment was planned to test the effect of 
growth in bacteriophage-containing broth on colony formation. 

Two fluid media were used, beef infusion broth, pll 7.4, and a modification of 
Udiinsky’s asparagine solution.^ The test was run in duplicate in each medium. 
The single ccH Strain 3 was employed. 17 hour brotli and asparagine cultures 
from the stock agar slant were diluted in the corresponding media to make final 
bacterial concentrations of S X 10"’, 10~-, lO""*, and 10~®. Five cultures of 
eacli dilution were made; one sen’cd as a control and the otlier four received 
bacteriophage in dilutions of 6 X 10~’, 10~-, 10“®, and 10“". The tubes were 
incubated at 37°. At short inteiwals tlicrcaftcr tlic amount of growth was 
estimated in terms of turbidity and a loop of the culture was transferred to IS 
cm., plain agar plates. These in turn were incubated .and c.vamined at 24 and 48 
hours for number and types of colonics present. The findings arc summarized 
in Tables V and VI. 

In the broth series the control tube, inoculated with about 100,000,- 
000 organisms, dilution 1 : 10, showed growth at 4 hours and maximum 
turbidity at 12, while tubes containing bacteriophage showed no 
definite growth for 12 hours, and did not reach a maximum until 
27 hours. Tubes receiving an inoculation of 10,000,000 organisms, 
dilution 1:100, appeared quite similar, c.xcept that growdh began 
later in all tubes. The control tube containing 100,000 organisms, 
dilution 1:10,000, shotved abundant growth at 12 hours; similar 
tubes with high concentration of bacteriophage, 6 X 10“’ and 10'®, 
remained sterile, while those in whidi bacteriophage was present in 
smaller amounts, 6 X 10“® and 10'", showed growdh at 20 hours and 
maximum turbidity at 30 hours. The control tube inoculated with 
10,000 organisms, dilution 1:100,000 shoAved growth at 12 hours, 
w^hich became maximum at 24 hours; those receiving high concen- 
trations of bacteriophage remained sterOe, and those in whidi the 
amount was low were clear at 30 hours and of maximum turbidity 
at 48 and 55 hours. 

Rough colonies appeared in greatest numbers on plates from tubes 
inoculated with liigh concentrations of bacteriophage. Mucoid- 
resistant colonies were found chiefly on plates from tubes inoculated 

^The composition of tlie sjmtlietic medium w'as as follows: Asparagine, 0.4 
per cent; ammonium lactate, 0.6 per cent; sodium phosphate, 0.2 per cent, and 
sodium chloride, 0.6 per cent in distilled water. 
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with small amoimts of bacteriophage. No variants occurred on the 
plates from plain broth tubes. The asparagine media series gave 
similar results, except that gro'wth was slower in aU tubes and mucoid- 


TABLE vn. 


Passage of Variant Colony Forms on Bacteriophage-Containing Agar and Plain Agar. 


Date 

Pas- 

sage 

Smooth-resistant strains. 
Passage on 10 per cent phage 
agar at 37" 

Pas- 

sage 

Mncoid-resistant strains. 

Passage on 10 
per cent phage agar at 23" 

Pas- 

sage 

Rongh-resistant 
strains. 
Passage on 10 
per cent phage 
agar at 37“ 



No. 1 

No. 3 

wmm 


No. 1 

No. 3 

No. 4 


No. 3 

No. 4 

1927 
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SS = smooth-susceptible colony; SR = smooth-resistant colony; MR = mucoid- 
resistant colony; RR = rough-resistant colony; E = wart-like, “eaten” colony. 
* Duplicate passage at 37°. 


resistant colonies were not obtained. In four other similar e.xperi- 
ments, however, both mucoid-resistant and rough-resistant colonies 
were recovered. 

Briefly, then, bacteriophage added to nutrient media stimulates 
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the Iransfomiation of smooth colony types to mucoid and rough. 
Solid media and low temperature favor the mucoid forms; fluid 
media usually favors the development of rough types. These mucoid 
and rough colony fonns differ from those obtained in plain media 
(E.xperiments 1, 2, 3) in that they resist the lytic action of bac- 
teriophage. 

The stability of these colony variants was then tested by growing 
them on plain and bacteriophage-containing media. The following 
experiment shows the result of passage on solid media with or without 
the addition of bacteriophage. 

Experiment 7 . — Cultures from tlic slock agar slant were streaked directly 
over the surfaces of plain and phage-containing agar plates. These were incu- 
bated at 37° and 23°C. Two single colonies of each variant tj^e resulting were 
then selected and passed for a number of times on plain and bacteriophage- 
containing agar. Two well isolated colonies were cliosen for each transfer. The 
results of these passages are shown in Table 

Tlixee strains of smooth-resistant variants (SR) remained type- 
pure for eight passages on 10 per cent phage-containing agar, but on 
plain agar reverted almost immediately to the original smooth- 
susceptible colony form. The appearance of a few rough colonies 
on the second and fourtli passages of Strain 3 is consistent witli the 
results obtained in Experiment 4. Tliree mucoid-resistant variants 
(MR) remained constant for eight passages on 10 per cent phage agar 
at 23°, and on plain agar as well. But such variants grown on plain 
agar at 37° revert quickly to the smooth-susceptible fonn. Tw'O 
rough-resistant variants passed on 10 per cent phage agar became 
small and wart-like; passed on plain agar, thej'’ reverted to tlie smooth 
form after two or three passages. Some rough variants, however, 
have remained constant for as many as fourteen passages before 
reverting to smooth. 

Hence, the tests indicate that smooth-resistant, mucoid-resistant, 
and rough-resistant colony cultures, growm on bacteriophage-con- 
taining agar, tend to remain t 3 q)e-pure, but when placed on plain 
agar, become transformed to the original smooth t 3 q)e colony form. 

Passage of variant forms in fluid media was carried out witli a 
number of single cell strains from smootli-resistant, mucoid-resistant, 
and rough-resistant variant colonies. Each culture w^as transferred 
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from stock agar to plain broth and broth containing varying amounts 
of bacteriophage. After 24 hours incubation, a loop of plain broth 
culture was transferred to a fresh tube of broth, and a loop of bac- 
teriophage-broth culture to a fresh tube of bacteriophage broth. At 
the same time subcultures were made on plain agar plates. These 
vrere incubated and examined at 24 and 48 hours, 

WTien passed in plain broth for more than two or three transfers, 
single cell cultures from rough-resistant and mucoid-resistant colonies 
streaked on plain agar plates at 37° showed smooth-susceptible 
colonies. Smooth-resistant colony cultures reverted to smooth- 
susceptible after six or seven broth transfers. Bacteriophage added 
to the broth in a ratio of 10 per cent or more tended to inhibit the 
reversion phenomenon and maintain the variant cultures type-pure. 
Smooth-resistant strains remained relatively constant, mucoid- 
resistant forms remained so at 23° and became smooth-resistant at 
37°; rough-resistant cultures usually showed some smooth reverted 
forms when grown at 37° and mucoid-resistant forms at 23°. Thus, in 
fluid culture, the variant colony strains were found to revert quickly 
to the original smooth-susceptible type, unless bacteriophage in large 
quantity were present and continually added to the cultures. 


DISCUSSION AND SUMMARY. 


The experiments described in this paper are part of a larger number 
which w'e have been carrying out for the past 2 years. Although they 
have not entirely fulfilled their purpose, which was to e.xplain the 
so called “mutation,” “dissociation,” “Umwandlung,” “transforma- 
tion” process, they have served to formulate a helpful working 
hypothesis. 


Certain difficulties inherent in this kind of study must be recog- 
nized. One is that colony formation is a property associated with 
growth on solid media and any procedure invohung the use of fluid 
media introduces a change which is relatively uncontrolled. Another 
is that mucoid and rough colony forms are not the only variant types 
encountered; at best, they may be considered as being the most 
frequent. Finally, it is apparent to us that the findings reported in 
tWs paper with respect to enteritidis organisms do not correspond 
nath those of other species of orgara’sms, espedally of the respiratory 
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group which we have studied (1, h). Possibly, however, they apply 
generally to the t}'phoid, paratj^ihoid-cnteritidis species. 

To summarize, it may be stated that the transformation process 
in the mouse typhoid enteritidis group is an easily reversible one, 
controlled in part, at least, by three factors, any of which may con- 
ceivably operate under natural conditions; (1) temperature, which, 
influences the appearance of mucoid forms; (2) fluidity of culture 
media, which tends to favor rough variants; and (3) bacteriophage, 
which stimulates the appearance of both variants. Since by manipu- 
lating these factors the transformation process may be incited at 
\rill in either direction, it is probably not genetic in nature. 
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EXPLANATION OF PLATE 33. 

Fig. 1. Smooth-susceptible colonies of B. enteritidis. 

Fig. 2. Smooth-resistant colonies of B. enteritidis. 

Fig. 3. Mucoid-resistant colonies of B. enteritidis. 

Fig. 4. Rough-resistant colonies of B. enteritidis. 
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IH. Studies of Bacteeiax Cells Taken from Smooth, Mucoid, 
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The experiments described in the previous paper (1, a) indicate 
that in general the so called colony “mutation,” “Umwandlung,” 
dissociation,” or “transformation” process, as it occurs in mouse 
strains of B. enteriiidis, is not of a genetic nature, but is a reversible 
phenomenon, influenced by at least three factors: temperature, fluid- 
ity of medium, and presence of speciflc bacteriophage. Further knowl- 
edge of the nature of the transformation process was sought by making 
a comparison of the bacterial cells contained in the smooth and the 
variant colonies. 

Appearance of Indmdtial Cells during Early States of Multiplication. 

At the outset’ single bacilli were examined during early multiplica- 
tion in order to detect morphological differences in individual yoimg 
cells taken from smooth, mucoid, and rough colonies. 

Reimann’s technique (2) was employed. 2 or 3 drops of melted agar were 
placed on a sterile, hollow ground slide and allowed to cool. Subsequently a 
small loop of a suspension of cells from a given colony, diluted in sterile 0.85 
per cent salt, was placed on the surface of the agar. The dilution was so ad- 
justed that a loop contained 10 to 20 bacterial cells. The preparation was then 
placed on a microscope stand and c-xamined in a warm bo.x with a dr>' objective 
at a magnification of 690 diameters. Aseptic precautions were maintained 
throughout. 

Single cells from smooth-susceptible, smooth-resistant, mucoid- 
susceptible, mucoid-resistant, and rough-resistant colonies were fol- 

S71 
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lowed tlirough the 2, 4. S, 16, and 32 cell stages. !Many strains 
were used, but no differences in cell morphology or behavior were de- 
tected. In so far as we could detennine, young bacilli from the various 
colony types were indistinguishable.* 


TABLE I. 

Grmdh oj Smooth and Variant Strains oj JB. cntcritidis in Broth. 


Incuba- 


Avcr-iRC b.actcri.il count per cc. 


tion lime 

1/3 '26 
Smooth- 
susceptible 

1/3/26 

Mucoid- 

susccptiblc 

Roiiph- 
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krs. 
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Smooth- 

resistant 

1 /6/26 
Mucoid- 
resistant 

1/6/26 

Rough- 

resistant 

11 

14 

11 

8 

18 

12 

31 


45 

178 

245 

191 

975 

1 

1540 



9SOO 



75,533 

s 

443,000 

582,000 


3,347,000 

4,300,000 

9,133,333 

18,900,000 

15,800,000 


92,533,333 

135,933,333 

HHB 

1,470,000,000 

1,370,000,000 


0 

334,000 


0 

0 


Dark-field illumination and staining methods likewise failed to e.x- 
hibit any distinguishing characteristics. 

*A somewhat similar study of smooth and rough cells has been made by 
Nutt (3). She foimd that “rough cultures showed the typical bending type of 
division, producing at the end of the day, irregular masses witli projecting angles. 
In the smooth cultures, the sliding divisions gave rise to the smooth, even masses 
typical of the smooth colony.” Apparentl}'^, the emulsions used for seeding in 
these observations were not washed, but contained the metabolic products whidi 
accumulate during cell growth. It is not impossible, therefore, that miwashed 
cells do, at the outset, behave differently, whereas washed cells behave similarly 
until metabolic substances accumulate. 
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Rate of Multiplication of Cells from Smooth and Variant Colonies. 

Tests were then made of the grovrth rates of single cell bacterial 
cultures obtained from smooth and variant colonies. 

Experiment 1 . — -Variant colonies of Strain 3 were obtained from a single cell 
smooth-susceptible colony strain by methods outlined in the preceding paper 
(1, a). From these colonies, single cell cultures were procured, according to 
Reimann’s technique (2). These variant strains were transferred to stock agar 
slants and tested carefully for tj-pe purity before use. 



Text-Fig. 1, Growth of single cell cultures of B. enieritidis in broth. Smooth- 
resistant, mucoid-resistant, and rough-resistant stiams. 


18 hour broth cultures from the stock single cell smooth and variant strains 
were diluted in broth to 1/1,000,000. 1.5 cc. of this dilution was added to 150 
cc. of broth in Erlenmeyer flasks, at 37°. Counts were made immediately, and 
thereafter at hourly intervals, for 10 hours. Further counts were made at 24 
hours, and 100 and 280 daj’s. The plating method was emplo 3 -ed for counting, 
and care taken to insure the U-pe purity of each strain. The results of this ex- 
periment are shown in Table I and Text-figs. 1 and 2.- 


* These observations were made by Dr. I. W. Pritchett. 



Log number bacteria per cc. 
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The figures (Table I) and curves (Text-figs. 1 and 2) indicate that 
the growtli rates of single cell strains from smooth, mucoid, and rough 
type colonies arc essentially identical. 

Thus it appears tliat in morpholog}', gross behavior, and growth 
rate, young cells, 1 to 10 hours old, from any of the several colony 



Text-Fig. 2. Growth of single cell cultures of B. cntcritidis in broth. Smooth- 
susceptible, mucoid-susceptible, and rough-resistant strains. 


types studied, are indistinguishable. The next tests were planned to 
compare certain fundamental properties of mature cells 18 to 24 hours 
old, taken from different type colonies. 

Rate of Migration in an Electric Field. 

Cataphoresis measurements were undertaken to compare the po- 
tentials of single cell bacilli obtained from smootli and variant colonies. 
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The Northrop type of cataphoresis cell was employed and standardized accord- 
ing to his methods (4). Readings were taken at 3/16, 7/16, and 11/16 of the 
cell depth, using both directions of current. The current was ^regulated to 
give a potential diSerence in the cell of 5 volts per cm. From the formula. 


M (83.33) 
No. of sec. 


X 14, 


5 


the potential in millivolts was calculated. 18 hour growths of single cell cultures 
were used, and in the tests reported, washed four times in distilled water and 
suspended in Northrop’s buffer (5). 


TABLE II. 


Rate of Migration of Cultures front Smooth and Variant Colonies. 


Test 

Source of culture 


SS 1 

SR 1 

MS 

MR ] 

1 RR 


sec. 

1 mv. 

see. 


■gi 

— 

IQH 


1 1 


1 

5.2 

45.2 

— 
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45.7 










m 



EiiwH 



2 

5.6 

41.8 

5.7 ' 

40.9 

B 

■31 

Bi 

im 




SS = single cell culture from smooth-susceptible colony; SR = single cell 
culture from smooth-resistant colony; MS = single cell culture from mucoid- 
susceptible colony; MR = single cell culture from mucoid-resistant colony; 
RR = single cell culture from rough-resistant colony. 

Table II show’s the results of two tests. The migration rate and 
calculated potential of cells from different colonies were found to be 
similar. Other tests on unwashed cells and washed cells suspended 
in distilled water, 0.85 per cent NaCl, or 1 per cent phosphate affected 
the migration rate in the usual manner (6), but brought out no differ- 
ences among the various cultures employed. 

Oxygen Absorption {Dctcrminalious by Dr. Hauddns). 

An attempt was made to compare the respiration rate of smgle 
cell cultures from smooth and variant colonies by measuring the 
amount of oxygen absorbed by each under conditions of equilibrium. 
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Technique . — Single cell cultures from smooth and variant colonics were grouai 
in brotli IS to 24 hours, and washed four times in Ringer’s solution containing 
0.025 niols of sodium bicarbonate per liter. Final suspensions were tlicn made in 
Ringer-bicarbonate solution in such a way as to contain relatively the same number 
of bacilli per cc. Bacterial counts were made before and after the tests to deter- 
mine the actual numbers of living organisms in each suspension. The cultures 
were then given to Dr. James Hawkins who determined the amount of oxygen 
absorbed by each culture.^ 


T.A.1JEE III. 


TyjAc 

1 

Xo. of bacteria in miUions 
per cc. of suspension 

C.mm. of Or U'cd per hr- 
per 100,000,000 of bicterii 

SS 

71 

2.3 


45 

2.3 


200 

1.6 

SR 

55 

2.7 


426 

1.7 


174 

2.6 

RR 

SO 

1.9 


727 

l.O 


125 

l.S 

MR 

278 

1 .3 


21S 

2.6 


245 

2.S 

MS 

310 

1.2 


400 

1.3 


140 

2.7 


SS = cells from smooth-susceptible colony; SR = cells from smootli-resistant 
colony; MS = cells from mucoid-susceptible colonj'; MR = cells from mucoid- 
resistant colony; RR = cells from rough-resistant colony. 


The hydrogen ion concentration was adjusted to pH 7.6 bj' bubblmg tlirough tlie 
suspension a mixture of S per cent carbon dioxide and 95 per cent oxygen. S cc. 


® Full descriptions of Dr. Hawkin’s technique are to be found in the following 
papers: Warburg, O., and Minami, S., Klin. Wocli., 1923, ii, 776. Warburg, 0., 
Negelein, E., and Posener, K., Klin'.Woch., 1924, iii, 1062. Warburg, 0., Biochcui. 
Z., 1923, cxlii, 317. Minami, S., Biochem. Z., 1923, axlii, 334. Warburg, 0., 
Biochem. Z., 1924, clii, 51. AVarburg, O., Posener, K., and Negelein, E., Biochem. 
Z., 1924, clii, 309. hlurphy, Jas. B., and Hawkins, J. A., J. Gen. Physiol., 1925, 
viii, 115. 
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and 3 cc. portions of the suspension -were measured accurately into a Warburg 
tjpe of cell. 5 cc. of this same Ringer’s solution, ■without bacteria, -was placed in 
another cell to act as a control for change in temperature and barometric pressure. 
The cells were attached to Barcroft manometers, and after the residual air in the 
cells and manometers had been swept out by the oxj-gen-carbon dioxide mixture, 
they were sealed. The manometers were placed on a mechanical shaker ■with the 
cells immersed in a constant temperature bath at 37.5° i 0.01°C. and shaken. 
The manometers, ■with the cells immersed in the constant temperature bath, were 
left for 15 minutes to allow them to come to equilibrium and were then read every 
15 minutes. 

The amount of oxygen consumed by the bacteria is determined in canm. per 
hour. The results are sho^wn in Table IH. 

Colony formation of B enteritides 

Colony type Adult cells yjung daughter Mature daughter Resulting 



SS ■ Smooth-susceptible colony 

SR' • -resistant 

MS' Mucoid- susceptible 

MR- ■ - resis'tant 

RR* Rough - • • 

Text-Fig. 3. Diagram showing theory’ of colony formation of B. ailcrilidis. 

These figures indicate that the oxj’gen absorption rate per unit of 
lime per cell in suspensions from the typical smooth-susceptible colon- 
ics and their mucoid and rough variants is approximately the same. 
Hence, the rate of respiration, a fundamental cell property, may be 
considered uniform for the cells of the different type colonies. 

The various obserx-ations thus far made were designed to bring out 
fundamental differences betx\-een bacilli from smooth and variant 
colonics. That they failed to do so, in that no differences in (1) 
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morpliology, or (2) growUi rale were noted in young cells, and no 
differences in (3) potential, or (4) in respiration rate in mature cells, 
docs not prove that young bacilli from each of the several colony t}^es 
are essentially the same. However, the tests do point in that direc- 
tion, and hence confinn the thcorj’’ stated in the preceding paper. 
Accordingly, one may consider colony morphology as the gross appear- 
ance of a population of adult microbes fundamentall}’- similar but modi- 
fied by certain en^'^ronmental circumstances, rather than as the 
expression of any special genetic characters common and specific to 
each individual in the population. Such a ^^cw would predicate the 
genetic unifonnit}'- of young daughter cells derived from individuals 
of all tlie colony t}T3cs, and would explain colony modifications as 
representative of acquired properties occurring during the lifetime of 
the individual bacilli, in response to certain definite en\4ronmental 
conditions (Text-fig. 3). 

Stai n i iig Characicrisiics. 

Notwithstanding this, cells from IS to 24 hour growths do differ 
in certain properties according to the colony type from wliich they 
originated. One of these differences is in staining quality. Bacilli 
from the mucoid-susceptible or resistant colonies appear swollen and 
stain poorly. Capsules may be demonstrated. Bacilli from the 
rough-resistant colonies appear small and shrunken. The bacterial 
cytoplasm appears reduced in amount. These differences are seen 
very clearl}’- when Wright’s blood stain is used. 

Difercntial Characteristics of Ceils from "Susceptible” and 
"Resistant” Colonies. 

Three other characteristics distinguish cells from susceptible 
and resistant colonies: namel}’’, (1) their behavior in the presence of 
nutrient media containing bacteriophage; (2) tlieir acid agglutination 
zone, and (3) their \4rulence. 

Cell Behavior in the Presence of Bacteriophage. — Single cell cultures 
derived from smooth-, mucoid-, and ron^-susceptible colonies grow 
poorl}'’ or not at all on agar containing 0.1 per cent or more specific 
bacteriophage, while similar implants from resistant colonies, smooth. 
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mucoid, or rough, multiply luxuriantly and form type-specific resistant 
colonies. These differences have been discussed at length in the 
previous paper (1, a). 

Differences in Acid Agghdination. — The second difference betv.'een 
resislanl and susceptible colony cultures is that the former flocculate 
in acid buffers at pH 3.8 to 4.2, •while the latter remain suspended. 

Technique . — 18 hour single cell cultures from the stock agar slant were tested 
for type purity and washed four times in distilled water. 1 cc. of a suitably 
diluted suspension was then added to 2 cc. of acid solutions of differing pH values. 
IVhen Na acetate-acetic acid buffers were used, suspensions from the resistant 
colony types (smooth, mucoid, and rough) flocculated at pH 2.5 to 4.0. In Na 
.lactate-lactic acid buffers, they agglutinated at pH 3.0 to 3.8, and in dilutions 
of hydrochloric acid at pH 3.8 and 4.0 (7). Sxispensions from susceptible colonies 
(smooth, mucoid, or rough) did not flocculate at any acid dilution employed. 
LaCb, however, from dilutions of 1 /20 to 1 /20,480 agglutinated all cultures alike. 

Virulence of Single Cell Cidiures from Smooth-Susceptible and Vari- 
ant Colony Types. — Single cell cultures from bacteriophage-resistant 
colonies, smooth, mucoid, and rough, proved markedly less -virulent 
than cultures from the smooth-susceptible colony strains. The de- 
tails of these experiments are contained in the following paper (1, h). 

Action of Bacteriophage on Living, Non-Multiplying Bacterial Cells. 

That the bacilli from various type colonies resemble one another 
closely in their fundamental characteristics and yet differ in acid 
agglutination, -virulence, and resistance to bacteriophage, according 
to whether they come from susceptible or resistant colonies, suggests 
the possibility that the differences are due to an adsorption of bac- 
teriophage on the surface of the resistant bacilli. Accordingly, tbit; 
phenomenon, and its modifying effects would be considered as the 
result of acquired, not of inherited, alterations. 

Experiments in another paper (1, b) support this -vie-u' entirely. 
Furthermore, such a conclusion is in harmony rvith the latest studies on 
the mechanism of bacteriophage action. DHereUe (8), and all late 
investigators are of the opinion that the first step in bacteriophage 
action is a surface binding of phage and bacterial cell. Still another 
scries of studies on the mechanism of bacterial agglutination are ex- 



880 


MOUSE TYPHOID INTECTION. Ill 


plained by considering ilocculalion as the result of a specific coating 
of bacteria by globulin (9). 

We have sought further information as to (1) whether bacteria! 
cells do adsorb bacteriophage and (2) whether susceptible cells in 
contact with bacteriophage under conditions where the possibility of 
multiplication is reduced to a minimum, do become altered to resemble 
cells from resistant colonics. 

The technique of the tests was so arranged as to reduce as far as 
possible bacterial multiplication. 

18 hour growths of single cell cultures in broth were washed four times in dis- 
tilled water. 0.8 per cent NaCl gave similar results. The washed cells were 
tlien suspended in various bulYcr solutions, gly cocoll (5), and 0.2 and 1 per cent 
phosphate. When distilled water or 0.8 per cent NaCl was used as the diluent, 
the pH of the systems dropped rapidly to 6 or 6.6, tlius rendering the system 
unfavorable for tlie test. 0.2 per cent phosphate was finally employed as a 
standard. 

The number of cells per cc. was estimated by comparison ivith standardized 
suspensions and checked by actual counts on dilution plates. The test suspen- 
sions with or without phage were then placed in tlie ice box at 4° from 4 to 144 
hours. Preliminaiy tests and direct counts showed that verj' few cells were 
killed during the washmg process, or during the first 24 hours in the ice box at 
A°C., provided the cells were suspended in a concentration of not more than 10® 
per cc. 

Specific bacteriophage was prepared in broth in the usual way and added to 
the suspensions in as small a volume as possible. Subsequent detennination of 
the amount of bacteriophage remaining in the solution was obtained by throw- 
ing down the cells, removing tlie supernatant, heating it to 60° for 30 minutes, 
or preferably filtering it through an M Berkefeld candle. Dilutions of the 
filtrate were tlien made from unit volume to 10“® in 5 cc. brotli, and about 10,000 
bacilli of an IS hour smgle cell culture of the smootli-susceptible type strain 
added to each. The amount of growth in each tube at 37° was tlien recorded 
at a definite interval of 6 to 10 hours after inoculation. 

Cells acted upon by bacteriophage at 4° were tested in several ways for com- 
parison witli cells from variant tjqje colonies. After bemg removed from tlie 
ice box, the suspensions were centrifuged and the cells washed. Oxygen ab- 
sorption rate, potential, and acid agglutination zones were determined, as well 
as virulence. The results of these several tests are given in Tables IV to ^ I. 

Table IV shows the results of one of a number of such tests with 
single cell strains from the typical smooth-susceptible colonies. Under 
these conditions, 200,000,000 organisms per cc. removed all bacterio- 
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phage from the solutions of 1/1000 and 1/100 concentration. The 10 
per cent solution of bacteriophage was not entirely exhausted; the 


TABLE IV. 

Action of Bacteriophage on Suspensions of Non-Multiplying Bacteria. 


Organisms 
2.000,000 
per cc. 
2/16/26 


Organisms 

plus 

bouillon 

control 

( 1 ) 

Organisms 

plus 

bouillon 

control 

( 2 ) 

Orgamsms 

plus 

pbagc 

1/10 

Organisms 

plus 

phage 

1/100 

Organisms 

plus 

phage 

1/1000 


Count per cc, 
after 4^C., 18 
brs. 


180,000,000 


,200,000,000 


115,000,000 


184,000,000 


1/100 

1 / 1000 ' 


210,000,000 - 


Amount of plisge remaining in supernatant 


Phage 

control 


Dilution of supernatant 


+ 
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,+ 
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+ + 
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+ 
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+ 
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+ 
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+ 


+ = good growth at 8 hours; 0 = 
no growth at S hours; — = no test. 


Acid agglntination of bac- 
terial sediment 


Dilntion ir/IO HCI 


014.0 

+ 


4.2 

+ 


0 , 0 


— = no tes 
agglutination a’ 
and 4.2. 


t; -r = 

tpH4.C 


supernatant, when filtered, definitely inhibited the growth of the test 
strain. Organisms in a solution containing phage in a dilution of 
1/1000 and 1/100 did not agglutinate, whUe those in a 10 per cent 





















TABLE V. 

Action of Bacteriophage on Suspensions of Non-Multiplying Living and Dead Bacteru 
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solution flocculated at tlie same pH, 3.8 to 4.2, as do bacilli from 
phage-resistant variant colonies. A number of these tests under 
slightly difiering conditions gave similar results. 

Subsequently the ratio of organisms to quantity of bacteriophage 
was varied and the test repeated. The tests indicated that the ratio 
of number of organisms to amount of bacteriophage taken out of the 
solution is relatively constant and hence that in all probability, each 
bacillus takes up a certain and definite amount of the lytic substance. 

Table V compares the activity of living and dead badUi. A single 
cell culture of smooth-susceptible colony type bacilli was used, washed 
four times in distilled water, and divided into two portions. One 
was heated to 75°C. for 1 hour. Evidently dead badlli take up bac- 
teriophage from the solution, but to a less degree. Probably, however, 
there exists a definite quantitative relation as in the case of the living 
organisms. Furthermore, dead baciUi are not agglutinated in acid 
solution unless placed in contact with the bacteriophage. When so 
treated, however, they flocculate at pH 3.8 to 4.2, as do living cells 
of the same sort and cells from bacteriophage-resistant variant 
colonies. 

Oxygen absorption and potential measurements were made on sus- 
pensions of washed cells in contact with bacteriophage at 4°C. They 
were found to take up the same amount of oxygen per unit of time 
and to migrate at the same rate in the electric field as control suspen- 
sions and cells from any of the various type colonies. Hence bacterio- 
phage in contact wdth living smooth-susceptible cells in the resting 
state, as well as cells from variant colony types, did not affect these 
fundamental physiological properties. 

Changes in virulence were determined by the usual procedures. 
Washed cultures in contact with bacteriophage at 4°C. were later 
washed again and given to mice intraperitoneally and per os. Similar 
suspensions without the addition of phage were used as controls. 
Not only were the former suspensions of low pathogenicity, but they 
failed to multiply in the body of the host and disappeared rapidly in a 
manner precisely similar to smgle cell cultures from phage-resistant 
variant colonies. That this was not due to lysis was made certain 
by the behavior of broth and agar plate transfers. The details of this 
c.xperimcnt are described in the following paper (1, b). 
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The fact that cells from smooth-susceptible colonics may be treated 
with phage under conditions where the possibility of cell multiplica- 
tion is reduced to a minimum and changed so that the}’’ behave in a 
way precisely similar to cells taken directly from the bactcriophage- 

TABLE VI. 


Action of Bacteriophage on Suspensions of Non-Multiplying Cells from 
Badcriophagc-Rcsislaul Colony Types. 
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resistant variant colonies is considered by us as evidence tliat this 
type of change is purely an environmental phenomenon, and that tlie 
particular bacteriophage action is a surface adsorption process simi- 
lar to that of agglutinins adhering to the surface of their specific bac- 
terial cell. If this ■view is correct, one would expect cells from bac- 
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teriophage-resistant colonies to adsorb no further bacteriophage under 
similar con(htions, and to remain unaltered. 

Table VI summarizes the results of a test in -which cell suspensions 
from smooth-, mucoid-, and rough-m/^/ani colonies -were treated 
-^dth bacteriophage as in the pre-vious tests. None of them removed 
any noticeable quantity of phage from the solutions, and none of them 
showed alterations in acid agglutination zone. 

DISCUSSION. 

The above experiments are a continuation of those reported in the 
preceding paper, the purpose of -which has been to secure a better 
understanding of the mechanism of colony transformation and of the 
part it plays in determining the spread of mouse tj'phoid. The ob- 
servations on colony variation, although somewhat irregular, indicate 
that type of colony depends upon en-vironmental rather than heredi- 
tary factors. This point of -view is supported by the present studies on 
bacterial cells taken directly from different t>q)e colonies, and by the 
fact that li-ving bacteria from the typical smooth colonies, placed in 
contact -with bacteriophage under conditions where cell multiplication 
was restrained, are altered so as to resemble the bacterial cells from 
the variant bacteriophage-resisting colonies. 

To consider the transformation process to mucoid and rough vari- 
ant colonies as one of en-vironmental degradation, and the reversion 
to smooth type as mere accumulation of daughter cells in the absence 
of such en-vironment, does not explain bacterial transformation in 
the hemorrhagic septicemic group of organisms. Here the process 
seems non-reversible, and cells from variant colonies are foimd to 
differ markedly in fimdamental properties (1, c). We put forward the 
view stated merely as a working hypothesis, and as best explaining 
at the present time the facts at hand relating to the transformation of 
organisms of the mouse typhoid B. ciilcrilidis group. 

CONCLUSIONS. 

1. During early stages of multiplication, single cells from smooth-, 
mucoid-, and rough-susceptible and variant colonies show no differ- 
ences in morpholog}" or growth rate. 
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2. Cells from 18 to 24 hour single cell cultures of these various colon}* 
types possess similar oxygen absorption and cataphoretic migrator}* 
rates. In staining property, the cells from mucoid colonies appear 
larger, and those from rough colonics smaller, than the t}*pical cells 
from smooth-susceptible colonics. 

3. Cells from bacteriophage-resistant colonies diner from those 
of bacteriophage-susceptible colonies in tlicir ability to multiply 
luxuriantly in the presence of bacteriophage, and in their tendency* to 
flocculate in acid solutions at pH 3.S to 4.1, as ^Yell as in tlieir low degree 
of virulence. 

4. Cells from smooth bacteriophage-susceptible colonies in contact 
vdtli bacteriophage under conditions where multiplication is restrained 
may be altered so as to resemble the cells from the bacteriophage- 
resistant colonies. 

5. These facts furnish evidence tliat bacteriophage adheres to the 
surface of the bacterial cell and that the various cell changes and colony 
alterations are of an environmental rather than genetic nature. 
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STUDIES ON THE MODE OF SPREAD OF B. ENTERITDDIS 
MOUSE TYPHOID INFECTION. 

IV. The Relative Virltlence oe Smooth, Mucoid, ahd 
Rough Strains. 

By LESLIE T. WEBSTER, M.D., and CASPAR BURN. 

{From the Laboratories of The Rockefeller Institute for Medical Research:) 

(Received for publication, July 9, 1927.) 

In another paper of the series, we pointed out that when bacteria 
from typical smooth colonies of mouse strains of B. euteritidis are 
grown imder certain environmental conditions, they become trans- 
formed mto mucoid and rough colony forms (1, c). Organisms from 
these “variant” colonies, especially the smooth, mucoid, and rough 
bacteriophage-resistant forms, were foimd to differ in certain respects 
from those of the original smooth strain (1, h). One of the distin- 
guishing characters proved to be loss of vindence, a change which 
also was effected experimentally by placing smooth type bacteria in 
contact with bacteriophage. It is proposed now to describe the titra- 
tions of Aurulence carried out and to give details of two additional 
experiments which partly explain the virulence mechanism involved. 

The question of the measurement of bacterial virulence has been 
referred to at length elsewhere (1, c). At this time it is sufficient to 
emphasize again the necessity of controlling the dosage variable by 
using known nmnbers of bacilli, and the host factor by inoculating a 
sufficient number of mice of one race, similar age and weight, and 
with no prevnous exposure to the specific infection. The bacteria 
should be introduced by way of the normal portal of entry, and the 
mice should then be placed in separate cages in order to reduce the 
number of bacilli reingested. Under these conditions the reaction of 
an adequately large group of mice should be relatively constant, a 
definite number of individuals dying at a relatively constant rate, 
others recovering, and still others remaining apparently' unaffected. 

8S7 
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These effects may be shown grapliically by plotting total mortality 
per cent against time. 

The mice employed in liic titrations recorded below came from the Rocke- 
feller Institute breeding room. They consisted of an albino strain, inbred for 
IS years. At the time of inoculation each animal was 12 to 14 weeks old, and 
weighed 18 to 20 gm. The}' arc believed to have been unexposed to B. enter iltd is 
mouse typhoid, although a vcr>’ occasional carrier (less than 1 per 1000) has been 
encountered from time to time among the stock animals (1, d). After inocula- 
tion by stomach tube, each animal was placed in a separate glass jar in a special 
room cared for b}' an experienced attendant. 


TABLE I, 

Relative Virulence of Smooth, Mucoid, and Rough Strains of B. cntcritidis. 

Exper intent 1. 
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f 5 

! 

18.5 

Smooth 2; 
rough 5 
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2(9.1%) 

Rough 2 


SS = culture from smooth-susceptible colony; MR = culture from mucoid- 
resistant colony; RR = culture from rough-resistant colony. 


Experiment J. — The first test was made with the smooth tjT^e stock strain 
No. 3, obtained in 1922 from a case of spontaneous mouse tjTphoid (1, a, b). 
Its virulence was determined carefully in 1923 and found to be relatively constant 
and high (1, c). Since that time it has been kept in the ice box on an agar slant 
and transferred at irregular intervals. During October, 1925, the culture was 
treated witli bacteriophage. This, when added to broth or agar cultures of the 
bacilli, led to the appearance of typical smooth, mucoid, and rough colony 
variants which were resistant to lysis. The desired variant colonies were trans- 
ferred to stock agar slants and identified and examined for type purity with a 
minimum number of subcultures. 

Transfers from the stock agar cultures of the original smooth type and the 
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mucoid and rough variants were made to broth and incubated for 17 hours at 
37°. The following day suitable dilutions were made, plates were poured for 
counting colonies, and J cc. of the 1-100 broth dilution of each culture was 
given per os to three series of mice. Each of twent>'-seven mice received about 
5,000,000 of the original smooth type bacilli; twenty-sk mice, about 7,500,000 
mucoid variant badUi, and twenty-seven mice 10,000,000 of the rough type. 
Each culture employed was found to be type-pure. Mice found dead from day 
to day during the experiment were autopsied and cultured from heart’s blood, 
spleen, and intestine. The types and relative numbers of organisms were deter- 
mined. Fecal cultures on all mice 3 days before inoculation were negative. 11 
and 31 days after inoculation the surviving mice were cultured to determine 
the presence of B. enlerHidis in their feces. 
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Text-Fig. 1. Relative mortality of mice given smooth, mucoid, and rough 
strains of B. enterilidis. Experiment 1. 


The protocols of this experiment are summarized in Table I and 
the specific mortality figures plotted in Text-fig. 1. 82 per cent of the 
mice receiving organisms of the original smooth type died, all showing 
pure cultures of smooth colonies in heart’s blood, spleen, and intes- 
tine, and 9.1 per cent showing besides a few mucoid forms. The 
mortality rate (82 per cent) corresponded almost exactly to that ob- 
served with the same strain 2 j^ears previousl}" (1, c). No mouse tj-- 
phoid bacilli were obtained from the stool cultures of the survivors. 
23 per cent of the mice recehmg the mucoid strain died. At autopsy 
one showed the mucoid tj-pe only; four mucoid and smooth tj-pes, and 
onethe smooth t>-pe alone. Five of the sui^dvors showed mucoid tj-pes 
in their feces 11 days after injection, and only one at 31 days. From 
the remainder no mouse U-phoid bacilli were obtained. 22 per cent 
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of the rough culture group died, and at autopsy one yielded no mouse 
tjTjhoid bacilli from heart’s blood, spleen, and intestine cultures, three 
rougli forms only, and two both rougli and smooth forms. Of the 
survivors five showed rougli forms 11 days after injection, and one at 
the end of the 31 day period. 

From tlie results of this virulence titration we conclude that the 
smooth type strain No. 3 of B. cnicriiidis is of relatively high patho- 
genicity, with exactly the same virulence as 2 years ago, and that its 
mucoid and rough variants are markedly less ^drulent. In the tissue 
of the mouse the smooth culture remained type-pure and \'irulent, ex- 
cept for the presence of an occasional mucoid colony,^ while in many 
instances the mucoid and rough variants tended to revert quickly to 
the original smooth form. 

2 weeks after the first titration a second was made, in order to com- 
pare the virulence of reverted and original smootli cultures. 

Experiment 2 . — Four strains were used — that designated smooth-susceptible 
No. 1, came from the original stock strain No. 3 and ser\'ed as the control; smooth- 
susceptible Nos. 2 and 3 were obtained from smooth colonies found on autopsy 
plate cultures from two mice in Experiment 1 of the group inoculated with the 
mucoid culture; and smooth-susceptible No. 4, from a reverted smootli colony 
obtained from a plating of the mucoid culture used in E.xperiment 1, after six 
daily passages in broth. 

The technique employed for the inoculations was similar to that used in 
Experiment 1. Twenty mice received 5,000,000 bacilli of the original smootli- 
susceptible culture No. 1; twenty received 5,000,000 of the reverted smooth- 
susceptible No. 2 forms; twenty were given 4,500,000 of smooth-susceptible No. 3, 
and twenty 7,500,000 of smooth-susceptible No. 4 cultures. Eacli culture was 
tested carefully for type purity and specific characteristics. As far as could be 
determined, they were identical. 

The specific mortality for each group is plotted in Text-fig. 2. The 
close similarity in amount and rate of deaths in the various groups 
indicates that the virulence of the different reverted smooth type cul- 
tures was the same as that of the original strain. 

A further titration was made to test the virulence of recently iso- 
lated single cell cultures of smooth and variant strains of B. entcritidis. 

^ Plates were examined at 24, 48, and 72 hours. The presence of mucoid 
colonies was attributed to the fact that the plates had been left at 23° after 24 
hours incubation at 37° (1, o). 
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Experiment 3 . — A mouse from one of the experimental epidemic populations 
referred to above (I, d) vas formd dead on December 5, 1925. At autopsy, 
smooth type colonies oijB. enleriiidis were obtained in pure culture from heart’s 
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Text-Fig. 2. Relative mortality of mice given smooth and “reverted” 
smooth strains of B. enleriiidis. Experiment 2. 



Tot-Fig. 3. Diagram showing source of cultures used in Experiments 3 
and 5. * 
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blood, spleen, and intestines. A single cell strain was procured from the heart’s 
blood culture by Rciniann’s technique (2). A high titre bacteriophage was then 
obtained by daily passage and filtration of this single cell smooth type strain. 
This bacteriophage, added to young broth ailturcs of the single cell smooth tjqic 
strain, gave rise to mucoid and rough variants resisting lysis. From these 
variant colonies single cell cultures were obtained, identified serologically, and 
tested for type purity. 

17 hour broth transfers from the stock agar slants of these various single cell 
cultures (Te.\’t-fig. 3) were suitably diluted in broth, plated, and administered by 
stomach tube in i cc. volume to four groups of mice. Each of twenty mice 
received 5,000,000 of the original smooth-susceptible strain; twenty were given 
9,600,000 of the smooth-resistant variant; twenty 5,500,000 of the mucoid-re- 
sistant variant, and twenty 5,000,000 of the rough-resistant form. The animals 
were then placed in separate jars and treated precisely as in E,\-periments 1 and 2. 
On the following day the colonies on the dilution plates were c.vamined carefully 
for type purity and identified serologically. All proved t>q)c-specific. 


TABLE II. 

RcIaHvc Virulence of Smooth, Mucoid, and Roitgli Strains of B. cn'.critidis. 

Experiment 3. 


No. of mice 1 
injected j 

i 

Colony 
type of cul- 
ture 
injected 

Mortality * 

"Specific 

deaths 

Results of autopsy cultures; 
colony types 

No. 

Per cent 

No. 

Per cent 

n 

SS 

19 

95 

19 

100 

Smootli 19; mucoid S 

WSm 

SR 

S 

40 

1 

5 

Mucoid 1 

mSm 

]\IR 

15 

75 

5 

25 

“ 5 

■1 

RR 

18 

90 


45 

[ Rough 8; smooth 2 


The results are summarized in Table II and specific mortality rates 
are plotted in Text-fig. 4. 95 per cent of the mice receiving the origi- 
nal smooth-susceptible type died. At autopsy smooth colonies were 
obtained from each animal and in addition mucoid forms from eight. 
Eight mice receiving the smooth-resistant variant succumbed; from 
one a mucoid form was recovered; from the remaining seven no mouse 
typhoid bacilli were obtained. 75 per cent of the mice given the 
mucoid-resistant culture died. Of these only 25 per cent showed B. 
enteritidis. Mucoid forms alone were present. 90 per cent of the 
rough series succumbed — only 45 per cent harbored the specific or- 
ganisms. From 35 per cent of these, rough colonies alone were cul- 
tured; from one, both smooth and rough, and from one other smooth 
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tjTpes alone. Thus, two discrepancies were encountered in this experi- 
ment; first, the appearance of mucoid colonies in autopsy cultures of 
mice which had received smooth forms, and second, the death of a 
considerable number of mice giving negative autopsy cultures. The 
first peculiarity is explained by the fact that the autopsy plates were 
often left at room temperature after 24 hours incubation; the second 
we are not able to explain at the present time. It is interesting to 
note, however, that nearly aU mice giving negative cultures died within 
the first 6 days, a period below the usual incubation time. 

If specific deaths are plotted with reference to time, as in Te.xt- 
fig. 3, the results appear quite consistent with those of the first two 
experiments, and indicate that the recently isolated single cell, smooth- 


Pei> 



Text-Fig. 4. Relative mortality of mice given smooth, mucoid, and rough 
strains of B. enterilidis. Experiment 3. 


susceptible culture is of high virulence, as in the case of those previously 
titrated, and that the single cell variants — smooth-, rough-, and 
mucoid-resistants — are relatively of low pathogenicity. Finally, 
there is further corroborative evidence that in the animal tissues the 
variant UTies (in this e.xperiment, the rough form) revert to the smooth- 
susceptible tj-pe. 

On December 23, 3 days after the last series was inoculated, a fourth 
titration of the same and other variant cultures was carried out. 

Expcrimcnl 4 . — ^The following strains were employed (see Te.xt-fig. 3) : SS 1 
the original single cell, smooth-susceptible strain used in E.xperiment 3; SS 2, a 
single cell, smooth-susceptible culture similar in cverv- respect to SS 1, obtained 
at the same time from another mouse in the epidemic series; MR 1, the same 
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single cell, mucoid-resistant variant from SS 1 used in Experiment 3, and MS 1, 
a smgle cell, mucoid-susceptible variant, obtained from an agar plate culture of 
the original SS 1, after three daily broth passages. Each culture was given to 
twenty mice — 7,600,000 to each mouse in the SS 1 group; 5,900,000 to each in 
the SS 2 group, and 5,000,000 to each in the MS 1 and MR 1 groups. Tests for 
identification and tj-pe purity observations and autopsies were made precisely 
as in the previous e.xperimcnts. All colonies on the dilution plates were tj'pe- 
pure and specific. The results are shown in Table III and Text-fig. 5. 

90 per cent of the mice receiving tiie original SS 1 culture died, and 
show'cd at autopsy smooth-susceptible colonics in the heart’s blood 
and spleen culture plates. In two cases besides, a few' mucoid colonies 
were present. 95 per cent of the SS 2 series died; 85 per cent with 


TABLE ni. 

Relative Vinilcucc of Smooth and Mucoid Strains of B. enterhidis. 

Experiment 4. 


No. of mice 
injected 

Colony 
type of cul- 
ture 
injected 

I Jlortnlity 

"Specific 

deaths 

Results of autopsy cultures: 
colony types 

IB 

Per cent 

No. i 

Percent 

■I 

SS-1 

n 

90 

18 

90 

Smooth IS; mucoid 2 

mSm 

SS-2 

■■ 

95 

17 

85 

“ 17 


MS 

14 

70 

10 

50 

Mucoid 10 

■I 

:mr 

11 

55 

9 

45 

“ 9 


smooth-susceptible colonies in heart’s blood and spleen cultures, and 
10 per cent with no typhoid organisms w'hatsoever. 70 per cent of 
the MS series died; from 50 per cent tj'pe-spedfic organisms w'ere 
recovered; from four, no mouse typhoid bacilli. 55 per cent of the MR 
series succumbed; 40 per cent witli mucoid-resistant colonies in the 
autopsy cultures, one mouse with mucoid-susceptible forms, and two 
with no typhoid colonies. From a comparison of tire curves in Text- 
fig. 4, w'hicli include only mice dying witli positive typhoid cultures, it 
is evident that the two single cell, smooth-susceptible strains are of 
similar high pathogenicity, and that the single cell, mucoid-susceptible 
and mucoid-resistant variants are of comparatively low virulence. 
Little evidence of t3rpe reversion in vivo was obtained in tiais 
experiment. 

A final titration w'as made with the original single cell, smooth- 
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susceptible Strain SS 1, used in Experiments 3 and 4, together with 
several of its variants and reverted forms. 

Experiment 5 . — ^The cultures were designated as follows (see Text-fig. 3): 
SS 1, MS 1, MR 1, SR 1, and RR 1, used in Experiments 3 and 4, and SS 3, SS 4, 
SS 5, SS 6, MS 2, MS 3, and RS 1, reverted forms derived from the above named 
cultures by repeated broth passage and plating. SS 3, a reverted, single cell, 
smooth-susceptible culture came from the mucoid-susceptible variant (MS 1); 
SS,4, a single colony, smooth-susceptible culture from the mucoid-resistant aiR 
strain; SS 5, a single cell, smooth-susceptible culture from the rough-resistant 
ER. variant, and SS 6, a single colony, smooth-susceptible culture from the 
smooth-resistant (SR) strain. MS 2, a single cell, mucoid-susceptible culture, 
came from the rough-resistant RR strain; MS 3, a single colony, mucoid-susceptible 
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Text-Fig. S. Relative mortality of mice given smooth and mucoid strains 
of B. enicrilidis. Experiment 4. 


culture, from the mucoid-resistant MR strain, and RS, a single cell, rough- 
susceptible culture, from the smooth-resistant SR strain. 

On Januar>’ 13, 1926, 17 hour broth cultures from the stock agar slants were 
diluted in broth, plated, and given per os to twelve series of mice. Each series 
consisted of twenty animals obtained from the same source, and cared for in the 
same way as those used in the previous experiments. The dosage per mouse of 
each culture was as follows; SS 1, 9,000,000; SS 3, 7,500,000; SS 4, 9,000,000; 
SS 5, 9,000,000; SS 6, 8,875,000; MS 1, 7,250,000; MS 2, 14,000,000; MS 3, 

5.000. 000; RS 1, 4,250,000; SR 1, 7,625,000; MR 1, 6,750,000; and RR 1, 

8.885.000. The SS 1, MS 3, SR 1, MR 1, RR 1, and RS 1 strains were also 
mjectcd intraperitoneally into similar mice. Each strain was administered to 
twelve mice. Three received a dilution of 10"^; three, 10"*; three, 10"*; and three, 
10"*. The actual dosage in numbers of bacilli was calculated from counts of 
the dilution plates. 
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On the following day the plates were tested for type specificity and purity. 
The mice placed in individual jars were observed for a period of 2 months, and 
those dying were autopsied and cultures were made from the spleen, heart’s 
blood, and intestines. The t}'pes and relative numbers of B. cnlcrilidis colonics 
were determined by inspection, sugar fermentation, agglutinability in specific 
sera, and lysis in bacteriophage-containing broth. 


The dilution plates of each culture, after 24 hours incubation, 
showed type-specific and pure colonies. Text-ijg. 6 shows the results 



S=sxn?vivor 

Text-Fig. 6. Relative mortality of mice given smooth, mucoid, and rough 
strains of J5. cnlcrilidis. Intraperitoneal titrations. Experiment 5. 


of the intraperitoneal titrations. A dose of about 138,000,000 of 
eacli culture, except the SR 1, killed in 1 day — the mice given this 
SR 1 strain showed an average survival time of 3§ days. A dose of 
about 1,382,000 killed the three mice given the SS 1 culture in an 
average time of 3 days. Those given the RR 1, hlR 1, and MS 1 
cultures survived on an average of 3, 5, and 6 da 3 ''s, respectively. 
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The three mice receiving the SR 1 culture in this dilution survived. 
A dose of about 138,200 badlli killed the SS 1 group in an average time 
of 4: days; the RR 1 group in 5 days, and the RS 1 group in 19 days. 
Those receiving the MS 1, MR 1, and SR 1 cultures survived. The 
average surviving time of mice receiving 13,820 of the SS 1 baciUi 
was 8 days; that of a similar dose of the RR 1 bacilli, 7 days, and of the 
RS 1 bacilli, 15 days. This dosage of MS 1, SR 1, and MR 1 was 
not fatal. The titration indicates, therefore, that the SS 1 culture, 
when injected intraperitoneally into mice, is highly virulent, and that 
its variants, with the exception of the RR 1 strain, are of low patho- 
genicity. 

At autopsy mice receiving the RR cultures showed, instead of RR 
colonies, the original smooth-susceptible forms in large numbers. 
Mice from the other groups showed only type-spedfic colonies. 

The results of the per os inoculations are shovm in Text-fig. 7, 
and the autopsy protocols in Table W. The total specific mortality 
of the various SS cultures varied between 85 and 100 per cent; that of 
the MS cultures betw'een 50 and 100 per cent; of the RS cultures 45 
per cent; the SR cultures 10 per cent; the hIR cultmes 65 per cent; and 
the RR cultures 100 per cent. 85 per cent of the mice receiving the 
SS 1 culture succumbed and showed on agar plate cultures from the 
various organisms typical smooth colonies of B. enlerilidis. 90 per 
cent of the mice receiving the SS 3 culture succumbed. All of these 
animals showed smooth-susceptible colonies on the cultmes taken at 
autopsy. 85 per cent of the SS 4 group died. From these smooth- 
susceptible colonies alone were obtained. 100 per cent of the SS 5 
group died. Smooth-susceptible colonies were recovered from all. 
90 per cent of the SS 6 group succumbed. From these smooth-sus- 
ceptible colonies were obtained. Thus it is evident that the reverted, 
smooth-susceptible forms coming from the phage-resistant, smooth, 
mucoid, and rough variants are similar in virulence to the original 
smooth-susceptible strain. 90 per cent of the mice recehdng the MS 
1 culture died. Of these 70 per cent shov.'ed B. enlerilidis cultures 
at autopsy. Fourteen of the latter showed mucoid-susceptible colonies 
in pure culture, or in large numbers. From two, smooth-susceptible 
forms were likewise obtained. All mice receiving the J^IS 2 culture 
died and showed on the agar cultures taken from various organs 
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large numbers of mucoid-susceptible colonies. From four animals, 
however, smooth-susceptible forms were cultured. 75 per cent of the 
MS 3 series died. Of these 50 per cent showed B. enteritidis colonies. 
In nine mucoid-susceptible forms were obtained, arid in two smooth- 
susceptible Jiorms. The effect of the mucoid-susceptible cultures, 
therefore, appears less severe than that of the smooth-susceptible forms, 
and colony type reversion from mucoid- to smooth-susceptible note- 
worthy. 75 per cent of the mice receiving the RS culture succumbed. 
From 45 per cent rough-susceptible colonies were obtained in pmre 

TABLE rv. 

Relative Virulence of Smooth, Mucoid, and Rough Strains of B. enteritidis. 


Experiment 5. 


No. of mice 
injected 

Colony 
type of cul- 

Mortality 

“Specific 

” deaths 

Results of autopsy cultures: 
colony types 

ture 

injected 


Per cent 

No. 

Per cent 

20 

SS-l 

17 

85 

17 

85 

Smooth 17 

20 

SS-3 

18 

90 

18 

90 

“ IS 

20 

SS-4 

17 

85 

17 

85 

“ 17 

20 

SS-5 

20 

100 

20 

100 

“ 20 

20 

SS-6 

18 

90 

18 

90 

“ 18 

20 

MS-1 I 

18 

90 

14 

70 

Mucoid 14j smooth 2 

20 

MS-2 

20 

100 

20 

100 

“ 20; “ 4 

20 

MS-3 

15 

t «/ 

10 

■ 50 

“ 9; “ 2 

^ 20 

RS 

15 

75 

9 

45 

Rough 9 

20 

SR 


\ ■'5 

2 ' 

10 

Smooth-resistant 2 

20 

MR 


'' .6 

13 

65 

Mucoid-resistant 12; 
smooth-resistant 4 

20 

RR 


100 

20 

100 

Smooth 20 


culture. Seven of the smooth-resistant group died, two of which 
showed pure cultures of smooth-resistant B. enteritidis colonies. 85 
per cent of the mucoid-resistant group died, 65 per cent with positive 
cultures of B. enteritidis. From these latter mucoid-resistant colonies 
were found in twelve, and smooth-resistant in two. All the mice 
receiving the rough-resistant culture died, and from each animal 
smooth-susceptible forms were obtained in pure culture. Thus it is 
seen that the rough-susceptible and mucoid-resistant forms are of com- 
paratively low \nrulence, and that the smooth-resistant form is per- 
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haps of lowest pathogenicity. The fact tliat tlic rough-resistant cul- 
ture reverted to smooth-susceptible in the tissues of the mice makes 
this particular titration of no value, e.vccpt to show the comparative 
instability of this colony type. 

The results of the several titrations (Experiments 1 to 5) bring 
out the following facts: (1) The virulence of type-pure, smooth- 
susceptible cultures was similar and relatively high. Single cell 
strains fresh from mice, or preserved at 4°C. for more than 2 years, or 
recovered from so called “reverted variants” after broth or mouse 


TABLE V. 

Inirapcritoncal htjcctiom of Bacteria from SvwothSusccpUhlc and Smooth-Rcsisfani 


Colonies. 
Experiment 6. 


After 

injee- 

Group receiving smooth-susceptibic organisms 

Group receiving smooth-resistant 
organisms 

tion 

Mouse 1 

2 

3 

4 

5 

6 

1 

2 

3 

4 

s 

6 

hrs. 













1 

H — h-f- 

++ + 

•+■-1- + 


-f--4-d-d- 

d — h-k 

0 

0 

0 

0 

d- 

0 

2 

■j — h-f- 

+ + + 

+ + + ] 

d-d--}- 

d-d- 

d-d- d-d- 

1 

0 

0 i 

0 


0 

4 

+ + 

-f-h-hj 

00 

00 j 

"I — 1 — k-f- 

00 

0 

-k-k 

0 

0 


0 

6 

++++ 


+ 1 

-f-t-d- 

+ + 

CO 

0 

0 

0 

0 


0 

24 

0 

■f-h-b 

0 i 

d-d-d- 

+ + 

cO 

0 

0 

0 

0 


0 

48 


Dead 

1 



Dead 

1 






72 


i 

Dead 

Dead 

Dead 



i 




! 

96 

Dead 






s 

s 

s 

s 

s 

1 S 


-f = 1-10 colonies per drop; 10-20 colonies per drop; -f-f -f- = 20- 

50 colonies per drop; = 100 colonies per drop; « = 100-f- colonies 

per drop. 


S = surviving and well. 

passage, behaved essentially alike. Under the conditions of the experi- 
ments, little colony t3^e variation of the smooth-susceptible type oc- 
curred m viw. (2) The mucoid-susceptible variant proved somewhat 
less virulent and tended to revert to the original smooth-susceptible 
form. The rough-susceptible and mucoid-resistant variants behaved 
in essentially the same manner. (3) The smooth-resistant forms were 
of very low virulence, and more stable in the tissues of the mouse than 
the other variants. (4) Finally, the rough-resistant variant, when 
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type-pure, was likewise of relatively low virulence, but showed a 
marked tendency in vivo to revert to the original smooth-susceptible 
form. 

The titrations described above indicate that the greatest differences 
in \drulence occur between strains from bacteriophage-susceptible and 
bacteriophage-resistant colonies. An attempt was made to deter- 
mine the cause of the reduced virulence on the part of the strains from 
bacteriophage-resistant colonies. 

Experiment 6 . — Single cell cultures of smooth-susceptible and smooth resistant 
strains of No. 1 were taken from the stock slant and grown 18 hours in broth. 
Each was then diluted 1;1000 in broth and 1 cc. given intraperitoneaHy to sis 
mice. This dosage determined by the dilution method proved to be 850,000 
organisms of the smooth-susceptible culture and 1,250,000 of the smooth-resistant. 
Immediately after injection, and at 1, 2, 4, 6, and 24 hours thereafter, each 
mouse’s peritoneal cavity was aspirated by means of a short, beveled No. 24 
sjTinge needle, and 1 drop of the esudate spread over the surface of agar plates. 
The number of colonies resultmg and the fate of the two groups of mice are 
shown in Table V. 

1 hour after injection, aU mice receiving the smooth-susceptible 
culture showed more than 100 colonies per drop on the plates. One 
mouse of the smooth-resistant series showed about ten colonies; the 
rest were negative. Later the bacteria increased rapidly in the exu- 
date of the first group, while in the smooth-resistant group, cultures 
remained sterile. All smooth-susceptible mice were dead within 3 
days; those receiving the smooth-resistant organisms survived and 
appeared in good health at the end of 3 weeks. 

This test shows that the smooth-susceptible bacteria multiplied 
in the peritoneal cavity of the host and that the smooth-resistant forms 
did not. In fact, other tests indicated that within J hour after injec- 
tion the smooth-resistant organisms had practically disappeared from 
the peritoneal exudate. Hence, one may infer that the same events 
occur when the bacilli are given by the normal portal of entry, and 
may interpret the negative stool cultures and negative autopsy cul- 
tures of the preceding titrations as being due to the fact that the vari- 
ant tj'pe bacteria did not survive in the intestinal tract or the tissues 
of the host. 

A final e.xperiment was planned to test the possibility of altering the 
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virulence of smooth-susceptible cells by merely placing them in contact 
with bacteriophage. 

Experiment 7 . — Tlic preliminary control tests were carried out as described 
in the previous paper.- A single cell culture of smooth-susceptible strain 
No. 1 was grown 18 hours in broth, washed four times in distilled water, and 
resuspended in 0.2 per cent dibasic sodium phosphate. A uniform suspen- 
sion was made to contain about 500,000,000 per cc. 27 cc. was placed in contact 
with 3 cc. concentrated bacteriophage in broth, 27 cc. in anotlicr flask with 3 cc. 

TABLE tU. 

Titration of Bacteriophage Present after Contact unth Smooth-Susceptible Cells 

atre. 


Dilution of suspension 


Suspension 

£ 

1 

o 

! 

1 

o 

1 

i 

1 

o 

1 

« 1 

1 

k 

t 

o 1 

* 

0 ' 

1 

Control 

Bacteria plus 
brotli 

1 

++ 

+++ 

+++ 

+++ 

+++ 

+++ 



+++ 

-j — 1- + 

Bacteria plus 
bacterio- 
phage 

1 

0 

0 

0 

0 

0 

* + 


Bi 

+++ 



0 = no growth at 6 hours; -f = slight growth at 6 hours; -f + = moderate 
growth at 6 hours; -f -k -f- abundant growth at 6 hours. 


TABLE \UI. 

Acid Agglutination of Organisms in Contact with Bacteriophage at 4°C. 


Suspension 

m 








5.31 

Con- 

trol 

Organisms plus brotli 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Organisms plus bacteriophage 

0 

0 

0 

++j 

++ 

0 

0 

0 

0 

0 

1 


of broth, and in a third flask, 27 cc. of phosphate was added to 3 cc. of bacterio- 
phage. The three flasks were then kept at 4°C. for 16 hours. Bacterial counts 
before and after tliis treatment showed tliat no multiplication had occurred. 

The two suspensions of bacteria plus bacteriophage and broth were then 
. centrifuged and the supernatant filtered and tested, together with the phosphate- 
phage control for the presence of bacteriophage. The sedimented organisms were 


"Webster and Burn, Paper III, p. 880. 
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washed four times i» distilled water, tested for acid agglutinability in buffers, 
for lysis in broth, and injected intrapcritoncally into mice. Ten mice were given 
12,000,000 of tlie smooth-susceptible bacteriophage organisms, and ten 120,000; 
ten received 10,000,000 smooth-susceptible control organisms, and ten 100,000. 
Peritoneal aspirations were made at 2 and 24 hours. The results arc shown in 
Tables VII, and VUI. 

The litre of the bacteriophage-phosphate control proved to be 10"", 
while tliat of the supernatant in contact with the smooth-susceptible 
organisms was 10“' (Table \T)> Thus, there was evidence tliat bac- 
teriophage had been adsorbed by the smootli-susceptible cells at 4°C. 
(previous paper). These cells agglutinated at pH 3.5 to 4.03 in acid 
buffers, while the control suspension did not (pre\aous paper) (Table 
VII). Finally, aspirations made from mice receiving tlie smooth- 
susceptible broth control cultures showed that multiplication in vivo 
had occurred, while those from mice recci\’ing the smooth-susceptible 
bacteriophage cultures showed no multiplication, and after 24 hours 
no survival of the bacteria. Only one of these latter mice died, while 
all of the former, 10,000,000 group, died rvitliin 4 days, and the 100,000 
group in 7 days (Table VIII). Suspensions transferred to broth did 
not undergo lysis; probabl}'', tlierefore, they did not lyse in vivo. 

This experiment indicates, tlierefore, that bacteriophage, presumably 
by coating tlie surface of smooth-susceptible cells, prevents multipli- 
cation in the tissues of the animal and therefore renders tlie organisms 
practically non-virulent. The per os inoculation tests, in which it was 
found that the bacteriophage-resistant variant colony strains given by 
the normal portal of entry did not survive within the organism, are 
probably to be explained in the same rvay. 

DISCUSSION. 

The virulence titrations of B. cntcritidis described in tliis paper 
have been rigidly controlled; in most instances, single cell strains were 
used. They show definitely tliat cultures from mucoid and rough 
bacteriophage-resistant colonies are less virulent than tliose from the 
typical smooth-susceptible colonies. The results agree with those of 
Arkwright (3), Topley (4), Bronfenbrenner, Muckenfuss, and Korb(5), 
Jordan (6), Goyle (7), and others who have studied the paratyphoid- 
enteritidis group, but are distinctly at variance with d’Herelle’s (8) 
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statements ttat cultures from resistant colonies are of greater patho- 
genicity than those from the tj'pical smooth type colony. Further- 
more, the tests indicate that tj'pe-pure cultures from the common 
smooth colonies are of similar \nrulence, whether obtained from mice 
in epidemic or endemic periods, or from stock agar slants kept for 2 
years at 4°C. In this respect, the residts agree in general with those 
of Smith and Nelson (9) as well as vnth our own earlier work with 
mouse paratj’phoid (B. pestis casix) (1, h), and rabbit pasteurella 
organisms {Bact. lepisepiicum) (1, c). Topley and his associates (10), 
on the other hand, consider that the virulence of smooth type cul- 
tvues of mouse t>'phoid bacilli fluctuates to a significant degree. 
Finally, we have shown that the loss of virulence of variant strains 
from smooth-, mucoid-, and rough-resistant colonies is due to the fact 
that they do not multiply in the tissues of the host, and we have 
suggested the possibility that this inability to grow is due to a 
coating of the bacilli by bacteriophage. 

The data contained in three papers of this series (11, HI, IV) show 
clearly that the colony type transformation from smooth to mucoid 
and rough is reversible; accordingly they agree with the results of 
Jordan (6). It must be noted, however, that in this respect the 
intestinal group of bacteria appears to differ from bacteria of the 
respiratory tract. For example. Bad. lepisepticinn, B. friedlanderi, 
Bad. diphtheria, and streptococd change from smooth to rough, 
but as yet no demonstration of the reverse transformation from 
rough to smooth has been made. The nature of the change is not 
known; in the case of B, enieritidis mouse tj^hoid organisms, it 
seems to be acquired rather than hereditary; while the transforma- 
tions of the respiratory tract organisms mentioned above appear rela- 
tively permanent. However, the term “mutation” is not justifiable 
(d’Herelle), nor does the “life-cj^cle” theory (Hadley) find support in 
our own experimental observations. At present, therefore, two 
general types of transformation may be recognized: the relatively 
permanent changes associated vith organisms of the respiratory tract 
and the easily reversible changes of intestinal tract bacteria, where 
temperature, characteristics of medium, and presence of bacterio- 
phage appear to determine the process. A final and complete explana- 
tion, however, must await further e.xperimental observations. 
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The importance of bacterial transformations in determining the 
amount and severity of disease is, ive believe, relatively slight. And 
this despite the follorring facts: (1) that variants of low virulence 
may be derived experimentally under conditions similar to those pre- 
vailing in nature and that the}'- revert again to the original virulent 
forms; (2) that some of these variants are known to exist “naturally;" 
and (3) that these variants may possibly revert in nature to the forms 
of liigh pathogenicity. Far more significant is the fact that these 
variant strains arc neither common nor abundant in nature and that 
the smooth type colony is generally known to prevail during all phases 
of disease, endemic and epidemic. Our o\ni studies of experimentally 
induced epidemics are confirming this belief ampl}’- and demonstrating 
besides that the mrulence of these conmion smootli t}'pe colony cul- 
tures is at all times relatively constant. 

CONCLUSIONS. 

1. Single cell mouse strains of B. enkriUdis from smootli-susceptible 
colonies were, under tlie various conditions tested, of the same high 
degree of virulence. 2 year old cultures, strains obtained both in 
interepidemic and epidemic periods, and "reverted" strains from var- 
iant colonies showed the same degree of pathogenicity. 

2. Single cell strains from variant smooth, mucoid, and rough phage- 
resistant colonies were definitely less \drulent than the usual smootli- 
susceptible strains. The loss of ^^rulence in eacli instance resulted 
apparently from contact with bacteriophage which rendered the indi- 
vidual cells incapable of multiplication in tlie animal tissues. 

3. A reduction of virulence was induced experimentally when washed 
cultures of the highly pathogenic smootli-susceptible ceUs were exposed 
to bacteriophage and thus rendered incapable of multiplication in the 
inoculated animals. 
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STUDIES ON BACTERIAL ENZYjMES. 

VI. The AIaltase of the Diphtheiua BAcn-Ltrs. 
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Medical School, Nashville.) 

(Received for publication, August 29, 1927.) 

INTRODUCTION. 

It is important to obtain knowledge of the mechanism of maltose 
fermentation by the diphtheria bacillus since the test for acid produc- 
tion from this sugar is one of the means employed in distbguishing the 
true etiologic agent of diphtheria from certain other morphologically 
similar but non-pathogenic bacilli. Previous demonstrations (1-6) 
of the carbohydrate-hydrolyzing enzymes of pneumococci, meningo- 
cocci, loiulinus and Welch bacilli (1-6) have proved that the activity 
of these enzymes is independent of the presence of the living or formed 
bacterial cell, and at the same time have furnished indirect evidence 
that these particular bacteria do not attack higher carbohydrates 
without preliminary hydrolysis. However, since different spedes of 
bacteria may form entirely different products from the fermentation 
of the same sugar (4), it is desirable to obtain experimental evidence 
of the carbohydrate-hydrolyzing enzjmes of important spedes of bac- 
teria rather than to assume their presence from the simple observation 
of add or gas production by living cultures. 

In the present investigation, experiments were made to determine 
whether or not sterile solutions of the intracellular substances of 
diphtheria bacilli possess the property of hydrolyzing maltose. The 
bacterial solutions were filtered through Berkefeld candles after physi- 
cal disintegration of the badlli by repeated freezing and thawing, and 
hence were devoid of cell fragments as well as free from living 
bacteria. 
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EXPERIMENTAL. 

Methods. 

Prcparalioit of Diphtheria Jiacillus Enzyme Soliilioiis . — The cnzjTiic solution 
was prepared from a vinilcnt and recently isolated strain of diphtheria bacilli. 
The procedure was cssentiall}' the same as that employed in the preparation of 
solutions of other bacteria (meningococci, pneumococci, Welch and botulintis 
bacilli) reported in previous papers of this series (3-b). 

6 liters of an IS hour broth culture were centrifuged, and concentrated sus- 
pensions of the bacilli were prepared by resuspending the bacterial sediment 
from each 250 cc. of culture in a volume of approximately 5 cc. Preliminary 
experiments proved tliat diphtheria bacilli were much more resistant to dis- 
integration b}’ freezing and thawing than were any of the different bacteria from 
which enzjmie solutions had been prepared in the previous studies. In xdew of 
tlie difficult}’’ of breaking up the bacilli, an attempt was made to facilitate the 
process by suspending the bacteria in concentrated salt solution. The bacterial 
suspension was divided mto three portions, and the different lots were frozen and 
thawed under the following conditions: (1) bacilli suspended in tlie broth super- 
natant of the original culture, (2) bacilli suspended in the broth supernatant plus 
10 per cent NaCl, (3) bacilli suspended in 10 per cent salt solution witliout broth. 
It was necessary to continue the freezing and tliawing over a long period but after 
the process had been repeated between 300 and 400 times, stained films revealed 
a considerable degree of morphological disintegration and a large amount of 
amorphous, Gram-negative, bacterial substance. Samples of the suspension of 
disintegrated bacilli were then centrifuged at high speed and the supernatant 
tested for dissolved bacterial protein by boiling, in order to avoid the danger of 
filtering the solution before sufficient bacterial dissolution had occurred. When 
the tests of tlie supernatant fluids showed the presence of coagulable protein, 
the entire lot of the bacterial suspension was centrifuged at high speed for 1 hour 
to remove most of the undissolved bacterial cells and detritus before filtermg; 
the centrifuged supernatants were then passed through a sterile Berkefeld filter. 

The filtered bacterial solutions were perfectly clear and were indistinguishable 
in appearance from the medium in wbicli the bacilli had originally been suspended 
(brotli and salt solution, respectively). The presence of a considerable amount 
of dissolved bacterial protein derived from the disintegrated diphtheria bacilli 
was indicated by the heavy precipitation of coagulated protein when the solu- 
tions were boiled. So far as could be detected either by this test or by micro- 
scopic examination of the stained films, the addition of 10 per cent salt did not 
facilitate the disrupture of the bacillary bodies. But the boiling test showed that 
the solutions prepared from the bacteria suspended in broth contained more dis- 
solved protein than did the solution prepared from the bacteria suspended in salt 
solution alone. Apparently, the presence of broth either facilitates the dis- 
solution of the bacterial cells or renders the liberated bacterial substances more 
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soluble, for it has been our experience with other bacteria (4r-6) that the most 
active and potent preparations are obtained when broth is used as the suspension 
medium. 

Slerility Conlroh.—^o antiseptics were used; the sterility of each ensyme- 
substrate mixture was controlled by cultural methods. 

Substrates. — 20 per cent solutions of the test sugars were boiled for 20 minutes, 
and then added aseptically to sterile 0.1 m phosphate solution (pH 6.9) in amount 
sufficient to give a final concentration of 4.0 per cent. The final sugar solutions 
were distributed into sterile Pyrex tubes for use in the enzyme experiments. 

Test of Disaccharide-Hydrolyzuig Activity of Sterile Solutions 
of Diphtheria Bacterial Substances. 

Living cultures of the strain from which the sterile bacterial solu- 
tion was prepared, possessed the usual (7) carbohydrate-fermenting 
properties of diphtheria badlli, fermenting the common hexoses and 
maltose, but not forming detectable amounts of add from either 
sucrose or lactose. In the following experiment, tests were made to 
determine whether or not the sterile solution prepared from the intra- 
cellular substances of the diphtheria bacilli possessed the property of 
hydrolyzing maltose. Tests were induded with sucrose as represent- 
ing a disaccharide not fermented by living diphtheria bacilli and also 
with lactose as representing a disaccharide which sometimes gives 
equivocal results in fermentation tests with some strains of the living 
badlli (7). Since living cultures of diphtheria badlli produce add 
from glucose and from the other hexoses yielded in the hydrolysis of 
the disaccharides, tests were also made to determine whether or not 
the sterile enzyme solution possessed the property of add formation 
from hexoses. 

Hydrolysis Mixtures. — 2 cc. portions of sterile, 4 per cent solutions of maltose, 
lactose and sucrose were distributed into three series of sterile Pyrex test-tubes, 
and 1.0 cc. of the sterile diphtheria bacterial solution was added to one tube of each 
of the substrates. A second series was prepared to serve as controls of the heat 
lability of the hydrolyzing enzymes by adding the same amount of heat-inacti- 
vated (boiled) bacterial extract to each substrate. .411 of the mixtures were in- 
cubated at 37°C. for 72 hours and then tested for the presence of hexoses. 

Detection of the Hcxose Products of the Enzyme Action. — ^The sucrose series 
were tested for reducing sugars with Benedict’s solution. The lactose and 
maltose hydrol>-sis mixtures (where the substrates themselves are reducing sugars) 
were tested for hc.xoses by the biological method described in detail in preceding 
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papers. The method is based upon the acid fermentation of tlie he.toscs by 
bacteria -which do not ferment the disaccharidc from which the hexoses arc 
derived. 1 cc. of each of the test, and of the control liydrolysis mixtures, was 
put into a scries of sterile Pyrex test-tubes; 1 cc. of a suspension of bacteria which 
produce acid from hc.xoscs but which do not attack the test disaccharidc was 
then added to tlic different tubes. (An atypical strain of colon bacilli which does 
not attack maltose was added to the maltose tests; typhoid bacilli which do not 
attack lactose or sucrose were used for the lactose and sucrose tests.) 


TABLE I. 


Action of Diphtheria Bacillus Enzyme Solution upon Maltose, Lactose and Sucrose. 


Disaccharidc hydrolysis hy diphtheria bacillus enzymes 


Action of 
diphtheria 
bacillus 
enzymes on 
hexose 
products 


Hydroij'sis mixture 

pH after action of bac- 
teria used as ferment- 
ing agents 

i. 

c _ 
o 5 

S 

2 O'S.a 
'o.c.SnS 

.s-SS| 
v£.S§S 
tce s 

jEc.-c?r 

u 



pu 


hlaltose 

Active diphtheria bacterial solution 

6.5 

1.1 


Heat-inactirated bacterial solution 

7.6 

0.0 

Sucrose 

Active diphtheria bacterial solution 

7.6 

0.0 


Heat-inactivated bacterial solution 

7.6 

0.0 

Lactose 

Active diphtheria bacterial solution 

7.6 

0.0 


Heat-inactivated bacterial solution 

7.6 

0.0 


. * ApH indicates change (decrease) in pH. 


The “fermentation mixtures'’ (equal portions of hydrolysis test mixture plus 
the bacterial-femrenting agent) were shaken, incubated in the water batli at 37°C. 
for H hours and then centrifuged at high speed to remove the bacteria. Color- 
imetric determinations of the pH of tire clear supernatant fluids were made to 
detect the production of acid. That the changes in reaction of the fermentation 
mixtures were limited to the acid produced from the he.xoses previously formed 
by the active diphtheria bacillus enzyme was controlled by the tests on the 
control series of heat-inactivated enzjme plus the test disaccharides. 
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Experiments vrere made vrith the three different lots of diphtheria bacterial 
solution (f.e. solutions prepared from the bacilli suspended in broth alone, from 
ba cilli' suspended in broth plus 10 per cent NaCl and from baciUi suspended in 
10 per cent NaCl n-ithout broth). Only quantitative differences mere obtained 
in the experiments vrith the different types of bacterial solution, and the results 
from the tests with the enzyme solution prepared from the bacilli suspended in 
broth alone are summarized in Table I. 

The results of these experiments (Table I) show that the sterile solu- 
tion of the diphtheria bacterial substances contained an active maltase 
which is heat-labile. In contrast to the results in the tests of the mal- 
tose-enzyme mixtures, no acid was formed by the hexose-fermenting 
bacteria v/hen added to the pre\aously incubated mixtures of diphtheria 
bacillus enzinnes and lactose or sucrose solution; this fact is e\ddence 
that the sterile bacterial solution contained only maltase and no lac- 
tase or sucrase. Thus, the carbohydrate-hydrolyzing activity of the 
solution prepared from the cellular substances of diphtheria badlli 
is parallel to the fermenting activity of cultures of the lixdng bacteria, 
maltose being the only disaccharide hydrolyzed by the bacterial solu- 
tion just as maltose is the only disaccharide from which living diph- 
theria bacilli can produce acid. These results indicate that the add 
fermentation of higher carbohydrates by diphtheria bacilli depends 
upon the presence of a hydrolyzing enzyme to split the specific carbo- 
hydrate to hexose constituents. 

It is also shown in Table I that the diphtheria bacillus enzyme solu- 
tion which hydrolyzes maltose, is devoid of the property of forming 
add from the hexose products of hydrolysis. Living diphtheria bac- 
teria actively ferment glucose and the failure of the sterile bacterial 
solution to possess the add-fonning property of the living baciUi is 
in contrast to its retention of the ori^al carbohydrate-hj^drolyzing 
activity of the living bacteria. The retention of the carbohydrate- 
hydrolyzing activity by sterile solutions of the bacterial substances 
of diphtheria bacilli and the loss of the hexose-fermenting activity 
is the same phenomenon which has been eddent in the similar studies 
of pneumococd, meningococd, Welch and botuUmcs bacilli (3-fi). 
WTiile the activity of the hydroljmng enzymes is apparently quite 
independent of the presence of the lixing or formed bacterial cell the 
production of add from he.xoses seems to be more intimately ^so- 
ciated n-ith the morphological integrity of the bacteria. 



914 


BACTEKIAL ENZA'lfES, VI 


Endocclliilar Naliirc of the Maltasc of the Diphtheria Bacillus. 

The previous demonstration of liic diphtlicria bacillus maltase was 
made with solutions of the bacterial substances prepared from the 
bacilli suspended in salt solution alone, as well as with solutions pre- 
pared from bacilli suspended in tlic supernatant fluid of broth cultures. 
Since the bacterial extracts prepared from the bacilli suspended in 
salt solution contained none of the exocellular substances liberated in 
tlie culture medium during growth, the presence of an active maltase 
in this tjTDC of bacterial solution is in itself c\ndcncc that the maltase 
is an intracellular derivative of the diphtheria bacillus. In order to 
show more definitely that the maltase is not also an exocellular prod- 
uct set free during growth of the bacilli, comparative tests were made 
of the maltose-hydrolyzing activity of filtrates of broth cultures and of 
solutions of the intracellular substances. 

These tests were made by the same procedure as described for the 
previous experiment. The results showed that while the solution of 
intracellular substances of the bacilli hydrolyzed maltose, the filtrate 
of the young broth culture which contained only extracellular products 
was devoid of maltose-hydrolyzing acti\dty. Thus, tlie maltase of 
the diphtheria bacillus is an endocellular constituent of the diphtheria 
bacillus, agreeing in respect to its intracellular nature with the carbo- 
hydrate-hydrolyzing enzymes of meningococci, pneumococci, botiillnus 
and Welch bacilli (1-6). 


COMMENT. 

The preceding experiments have demonstrated tliat diphtheria 
bacilli possess a maltose-splitting enzjane whicli remains operative in 
sterile, filtered solutions of the intracellular substances wliidi can be 
liberated by physical disintegration of the bacterial cells. Since it is 
of endocellular origin, the maltase represents a heat-labile constituent 
of the diphtheria bacillus cell. The demonstration of the active mal- 
tose-hydrolyzing enzyme is of interest from two different points of 
view. 

First, experimental proof of the maltase adds to the Imowledge of 
the mechanism of carbohydrate fermentation by tlie diphtheria bacil- 
lus. The fact that the sterile bacterial solution contains a maltase but 
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no lactase nor sucrase is in agreement vdth the fact that the living 
bacilli ferment maltose but no other disaccharide, and indicates that the 
production of acid frona disaccharides by diphtheria bacilli depends 
upon the possession of a hydrolase to split the specific disaccharide to 
its fermentable hexose constituents. Living diphtheria badUi actively 
ferment glucose but the sterile bacterial solution although it hydro- 
lyzes maltose is devoid of the property’’ of forming acid from the glucose 
products. These relations are analogous to those previously found 
(1-6) with pneumococci, meningococci, Welch and boUdimis bacilli, 
and indicate that the fermentation of maltose by the living diphtheria 
badllus involves two separate sets of reactions: (1) hydrolysis, (2) 
fermentation of, or add production from, the hexose products; only 
the first reaction being independent of the presence of the living or 
formed bacterial ceU. 

Maltase is one of the most labile of the known constituents of bac- 
terial cells and would be inactivated if drastic methods were employed 
to disintegrate the cells. Hence the fact that maltase can be obtained 
in an active state in the sterile solutions of the intracellular substances 
of diphtheria badlli is also of interest as proof of the possibility of 
preparing solutions or extracts of the endocellular constituents of 
these bacteria udthout loss of their original activity. In the prepara- 
tion of the sterile solutions of diphtheria bacilli reported in this paper 
the bacterial cells were disrupted simply by repeated freezing and 
thawing, which would be expected to jdeld the intracellular substances 
in more nearly the original condition in which they exist in the living 
bacilli than in preparations obtained by dissolving the bacteria in 
alkali. However, in order to obtain active preparations containing 
the desired amount of dissolved bacterial substance (protein) it is 
necessarj" to repeat the freezing and thawing process 300 to 400 times, 
since diphtheria bacilli are much more resistant to disintegration by 
freezing and thaning than are the bacteria studied in previous inves- 
tigations (1-6). Xerosis badili are even more resistant to this treat- 
ment than are diphtheria bacilli, and we have been unable to obtain 
satisfactory' solutions of tlieir intracellular substances by freezin*^ 
and thawing suspensions of these bacteria. The diphtheria badllus 
solutions contain suffident dissolved bacterial protein to be used in 
immunological studies, and are being employed for that purpose in 
investigations to be reported in later papers. 
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SIBRIARY. 

Diphllieria bacilli possess a heat-labile, endocellular maltasc, which 
retains its activity in sterile solutions of the intracellular substances 
which are liberated by physical disintegration of the bacterial cells. 
The proof of the maltasc activity and the detection of the hexose 
products constitute experimental evidence that the living diphtheria 
bacillus attacks maltose bj' way of a preliminary' hydrolysis, 
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STUDIES ON THE RELATION BETWEEN TUMOR SUS- 
CEPTIBILITY AND HEREDITY. 


rv. The Inheritance of Susceptibility to Tae-Induced Tumors 

IN THE Lungs of JNIice. 

By CL.ARA J. LYNCH, Ph.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 

(Received for publication, July 29, 1927.) 

Previous communications from this laboratory have provided 
evidence in favor of the theory that susceptibility to tumors of the 
mammary gland (1) and tumors of the limg (2) is inherited. This 
evidence is based upon observations of spontaneous tumors. The 
discovery and perfection of methods of inducing tumors of various 
kinds have demonstrated the important r61e played by chronic irri- 
tation in the origin of neoplasms. It is conceivable that the so 
•called “spontaneous” tumors also are the result of chronic irritation 
and that they seem to be spontaneous simply because the chronic 
irritant is imknown to the observer. This is a possible point of view 
though by no means one necessarily consequent upon the facts at 
hand. Whatever the relationship between the two kinds of tumors 
will ultimately prove to be, it has seemed pertinent to investigate the 
relation between chronic irritation and a demonstrated hereditary 
susceptibility. 

The material used for this purpose consists of two strains of mice chosen from 
among a number which have been under observation in this laboratory for some 
years. They are an agouti strain. No. 1194, and the Bagg albinos. A somewhat 
detailed accoimt of their history and numbers has already been published (2). 
The Bagg strain has a low rate of mammary gland tumors but a higher rate of 
lung tinnors, while the opposite condition obtains in Strain 1194, which has a 
higher rate of mammar>' gland tumors than the preceding group but a low rate of 
tumors of the lung. The lung tumor rates have been shown (2) to be significantly 
different in the two stocks. Among 208 mice belon^g to Strain 1194 which 
Hved to be at least 12 months old, 6.73 per cent i 1.17 had primarj- neoplasms in 
the lung. In the Bagg strain 37.04 per cent db 2.80, in a total of 135 mice, had 

917 



918 


TUjrOR SUSCEPTiniLITY AND HEREDITY. IV 


tumors. The difference between the rates is 30.v31 ± 3.01 and is undoubtedly 
significant. A few tumors of other tj^ics also liavc been found, and Strain 1194 
produces a small number of epitheliomas of the jaw, but neiUier strain has devel- 
oped tumors elsewhere in the skin. 

An initial attempt in tlic investigation of the problem was made 
by testing tlie two strains in regard to their reaction to tar painting on 
the skin (3). The well known method of apphdng tar extract periodi- 
cally to the skin between the shoulders was used, and in many cases 
carcinomas resulted. The percentage of tumors and the rates at 
whidi tliey appeared were practically the same in tlie two groups. 
Although the strains differed in respect to their spontaneous tumor 
rates, they showed no difference in their response to tar painting on 
the skin. It was pointed out at the time that the spontaneous tumors 
originated in one t}^e of epithelium, i.c., of the mammary gland 
(the lung tumor rates had not jml been demonstrated), while tlie tar 
painting test was applied to a different tissue — epitlielium of the back. 
It was obvious that it would be a more interesting experiment to 
attempt to induce tumors in a tissue in respect to whicli tlie stock of 
mice already differed spontaneously. Since tlien the differences in 
lung tumor rates have been demonstrated, and the discover}’’ by 
Murphy and Sturm (4) of a method of inducing tumors in the lung 
by tar painting presented the possibility of making tlie desired test. 

Expcrmeiit 1 . — ^30 agouti mice, 18 males and 12 females, between 2 and 3 months 
old, were selected from Strain 1194, and an equal number, 19 males and 11 females, 
from tlie Bagg albinos. The tar used was similar to that formerly employed, a 
residue obtained after distillation at 300°C., from whicli acids, bases, and phenols 
had been removed, and which was then dissolved in benzene. The novelty of the 
metliod lies in the loci which are subjected to treatment. The applications, instead 
of being made alwa 3 ’s on one spot, are distributed to 12 different regions of the 
body — on the dorsal and ventral surfaces, axilla, groin, neck, etc. The painting 
is done three times weeldy, and four applications are made on each area, so that 
the treatment lasts approximately 4 montlis. After an interTOl of 6 more montlis, 
or when the animals are 12 to 13 months old, they are killed. 

After such treatment very few mice develop skin tumors. Appar- 
' ently no single region in the skin is irritated sufficiently to undergo 
neoplastic changes, but for some reason, as )’’et undetermined, a 
certain percentage of individuals •will present primary tumors* in the 
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lung. Since mice are subject to “spontaneous” tumors in the lung, 
it is necessary to differentiate between the spontaneous and tar- 





Agouti mice surviving emonths after tarring 
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1 douitful 


Text-Fig. 1. 


induced growths. This is done by checking the age of the animals 
As a rule, lung tumors do not develop spontaneously imtil later in 
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life. In our stocks 8 montlis is the earliest age at which such growths 
have been noted, and then in only 1 to 3 per cent of the individuals. 


Albino mice from strain with high incidence of spontaneous lung lamcns 
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Albino mice surviving 6 months after tarring 
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Text-Fig. 2. 


The youngest mouse in the Bagg strain in which a lung tumor has 
been found was 15 months old, and in the agoutis, 18 montlis. A 
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marked lowering of the tumor age or increase in tumor rate among 
mice which have been tarred in the way described may fairly be 
considered a result of the treatment. 

Text-figs. 1 and 2 give the results of the experiment. Almost half of the agoutis 
died before the expiration of the 6 month interval. In the skin of 2 of the mice 
neoplastic changes had occurred; both animals proved to have carcinomas. .A.t 
autopsy minute lesions or nodules were found in the lungs of 8 individuals, usually 
in only one lobe of the limg. Microscopic examination, however, revealed that 
only 5 mice had lung tumors, 1 was doubtful, and 10 were negative. 

Of the albinos, a larger number lived to the end of the experiment. 1 that died 
the 4th month after tarring was stopped had an epithelioma on the back. 1 that 
died in the 3rd month after tarring had a primary lung tumor. AU of the 22 
mice that were killed after 6 months presented primary tumors of the lung, 
making a total of 23 positive and none negative. The large majority of them 
were multiple. 

'In this experiment the two strains gave diSerent percentages of 
Itmg tumors after the tar treatment. Strain 1194, which “spon- 
taneously” produces 6.73 per cent of lung tumors, produced 37.5 
per cent when painted with tar. The rate of spontaneous lung tumors 
in the Bagg strain is 37.04 per cent, but when painted the incidence 
increased to 100 per cent. In both strains the rate increased, but 
the rate of the agouti stock did not increase sufiuciently to overtake 
that of the albinos. A difference still exists between them. 

The nmnbers of mice employed were not large, and it was, of course, 
desirable to repeat the experiment. The results, however, so strongly 
supported the conception of an hereditary difference in constitution 
in the animals of the two families that an experiment to test the 
point was carried out. If an hereditary difference persists even after 
tarring, then it should be possible to cross the two stocks and with 
the first filial generation thus obtained make backcrosses to the two 
original strains and demonstrate differences in the indhiduals of the 
backcross generation. In anticipation of the result actually obtained 
mice in the first experiment had been crossed before the outcome of 
the experiment was known, and in the succeeding generation back- 
crosses were made after the discontinuance of tarring. For each 
generation a group from each of the original stocks was run at the 
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same time as controls. Tlic controls arc of the same nature as the 
original experiment and vill be summarized after they have been 
described in detail. 


F, fron) hi{5h ttimor strain albino) X Icnv tumor strain {Uo. U9A) 



n positive - 79X 
4 negative - lAt 
2 doubtful ' ijo 


Text-Fig. 3. 

Experiment 2 . — Before the conclusion of tlie tar painting in Experiment 1, 
crosses between the two strains were made in which all of tlie females were used 
and all of the males with the e.\-ception of 2 agouti males, Nos. 21 and 24, and 5 
albino males, Nos. 43 to 49 inclusive. Many of the crosses, however, were un- 
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productive of offspring either through the sterility of the parents or through de- 
struction of the j’oung. 13 of the matings were successful. In 6 instances the 
male parent was from the albino or high tumor strain, and in 7 cases from the 
agouti or low tumor strain. A few of the next generation were too sickly to be 
used, but 35 of the Fi generation were selected to be tested by the same method of 
tarring as were their parents. The results are shown in Text-fig. 3. The painting 
was begun when the mice were 2 to 3 months old, as in the previous experiment. 
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Text-Fig. 4. 

The mortality was ver>' low. 1 male, No. 206, died before the tarring was com- 
pleted, and 1 female. No. 234, died 3 months after the treatment was over. 
Neither had a tumor of any kind. 1 male. No. 209, and 4 females, Nos. 210 to 
213 inclusive, were not killed with the others. They came from parents both of 
which had lung tumors and were kept for breeding purposes. In two other matings 
the parents were positive and the three offspring (Nos. 229, 230, 231) also were 
positive. In two matings the parents were both negative but they had not lived 
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the allotted period. Of tlieir offspring four (Nos. 202, 203, 204, 205) were positive 
and one (No. 206) died during treatment. The rest of tlie Fi came from parents 
one of which had shown a lung tumor in the first experiment and the other had not. 
There were 28 in all of whicli 21 were males. At autopsy numerous lesions were 
discovered in tlic lung, and upon microscopical examination 22 mice were found 
to have primarj’ tumors, 4 mice were negative, and 2 were doubtful; that is, 79 
per cent had rmdoubted tumors. All of the negative animals were males. 

As controls for this experiment, groups of mice from each of the two original 
families were submitted to tlie same experimental treatment. The first group 


Alheno mice from st'-din with high inadcnco of spontaneous lung turnons 



■ 

Length of life after tamagl 

Lesions 


■ 


Lung- gross 


236 







N 

fjtj'ixxlsbFKc 

4. 

237 

o' 






t 


. . 1 . 

7 

238 

9 









4- 

259 

cT 






.+ 




240 

o' 




_+ 






241 

o' 








ii.’vnL’><3sn4l±)c 

4. 

242 

o' 






-j 


■■ni 

4. 

243 

o' 



-j 





■■■ 


244. 

? 










245 

? 


id 

jrir 


irri 





246 

o' 






4 


t5a!yi»j5)n3!;t)c: 

j. 

247 

o’' 






1 


• • 3 • 

4, 

248 

? 





.1.1 



*r 

4 . 

249 

o' 





„rJ 


. . 2 . 


250 

o' 

— — 




— |j _ 




8 positive 
2 negative 
1 doubtful 


Text-Fig. 5. 

comprised 20 agouti mice from the low tumor Strain 1194, and the second group 
consisted of 15 mice taken from the Bagg albino stock. Again tlie age factor was 
checked, only mice of 2 to 3 montlis being used. 

Text-figs. 4 and 5 present the results. 13 of the agoutis and 11 albinos lived 
to practically the end of the experiment. (A few are included which died 2 days 
to 2 weeks before the end.) A colored female, No. 253, had a mammary' gland 
tumor. There were no lesions in the skin. Of the agoutis, 2 were positive and 
11 negative, while among the albinos S were positive, 2 negative, and 1 doubtful. 
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Bactooss-from 7, (Bagg albino x Ko 1194) X Bagg albino (high Uiraor strain) 
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In this experiment we may note that the cross between the two 
stocks gives a high percentage of tumors. Among the controls 
painted at the same time, the individuals from the high tumor strain 
showed a greater number of pulmonary tumors than did those from 
the low tiunor strain — just as they had in the first experiment. Among 
the affected mice, the number of nodules and the number of lobes in- 
volved were greater in those from the high tumor stock than in the low. 
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Text-Fig. 8. 


_ Experivicnt J.— Four groups of mice at the age of 2 to 3 months were tarred as 
m the preceding experiment. Two scries were mice obtained from backcrosses 
between the first Mai generation and the two original strains, and two series were 
nuce from the original strains and were used as controls. 

Gto„P 1. Bachcross from the High Tumor Strain.— mice were obtained 
by crossing sons belonging to the first filial generation with the Bagg albmos 
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or high tunior strain. Each male was mated with several females. In a few 
cases one of tlic females used was the maternal parent from Experiment 1, 
but no j'oung suitable for tlie experiment were obtained from them. The 
mothers of the offspring used were from stock. They had not been treated 
b}’- tar painting, so that it is not known how many or which indi%nduals would 
have been susceptible to tar-induced growtlis in tlie lung. 42 offspring were 
obtained, and tlie results of tarring arc shown in Text-fig. 6 . 3 mice died during 
tarring, and 1 in tlie 1st and 1 in tlie 5lh montli after tarring. At autopsj' it was 
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Text-Fig. 9. 


found that the lesions in the affected individuals were ver}"^ numerous. Among 14 
males, all but 1 w'ere positive, while among 23 females, 17 showed tumors of the 
lung, 3 were without them, and 3 were doubtful. If the two groups are taken 
together and tlie 3 doubtful cases classed as negative, the ratio is 30 witli tumors 
and 7 without, or Sl.l per cent tumor mice. This rate is about the same as that of 
the Fi and of the albino stock. 
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Group 2. Backcross Jrom Ihc Loin Tumor Slrain. — ^The same Fi males vrHch 
■were backcrossed to the albino stock were also mated with females from Strain 
1194, the low tumor strain. 39 offspring resulted and all were agouti as expected. 
1 died the 3rd month after tarring. The ratio {Text-fig. 7) for the males was 9 
with tumors to 11 -without tumor, for the females, 6 positive to 12 negative. 
The two classes taken together give 15 positive to 23 negative, or 39.47 per cent. 
This is only about half the number of tumors foimd intheFiorthe backcross group 
from the high tumor strain. 

Group 3. Control from Low Tumor Strain. — 20 control mice (9 males and 11 
females) were selected from Strain 1194, Text-fig. 8. None died during the treat- 
ment. When killed, 1 showed an epithelial proliferation on the back of the neck 
at one of the painted areas, but it had not progressed far enough to be called an 
epithelioma. Only 3 of the animals produced tumors in the lung; the other 17 
were negative. 

Group 4. Control from the Sigh Tumor Strain. — The control from the albino 
group consisted of 19 mice, of which 17 were males, Text-fig. 9. 6 died before the 
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end of the experimental period. The lesions in the l\mg were more numerous 
than in the preceding group, both as to number of indi-viduals and number of 
lobes affected. Trunors were foimd in 9 of the 13 survivors. 1 of the mice dying 
only 2 months after the discontinuance of the tar treatment had a lung tumor, so 
that the ratio is 10 to 4. In this case also the albino mice from the high tumor 
strain give a greater percentage of tar tumors than do the agoutis from the low 
ttimor strain. 

In the first experiment samples of mice from two strains which 
differ in their spontaneous tumor rates -were contrasted -when sub- 
jected to a method of tarring which produces lung tumors. The 
control groups in Experiments 2 and 3 were repetitions of the same 
test, so that the three e-xperiments may be compared from that point 
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of view. In each of the three trials, the colored (low tumor strain) 
and the albino (high tumor strain) groups differed from each other 
in their reaction, Text-fig. 10. During the series of experiments the 
percentage of tumors decreased in the case of the agouti strain but in- 
creased in the albinos; however, tlie percentage was always lower in the 
agoutis and higher among the albinos. The direction of tire difference 
between the two was constant. Combining the figures for all of the 
trials gives a ratio of 11 tumors to 38 non-tumors for Strain 1194, or 
22.45 per cent ± 4.02. For the Bagg albinos tlie ratio is 41 tumors 
to 7 non-tumors, or 85.42 per cent tumors zt 3.43. The difference 
between tlie per cents is 62.97 ± 5.29. Since the difference is more 
than eleven times its probable error, it is undoubtedly significant. 

Since a distinct difference in tlie two families is, tlierefore, shown, 
it is interesting to note the results of tlieir crossing. Experiment 2 
(Text-fig. 3) shows that the generation when tarred, as were the 
parents, gives 79 per cent of tumors. This is almost as high a rate 
as that given by the more susceptible parent strain — tlie Bagg albinos, 
whidi gave 85 per cent of lung tumors. f\Tien the Fi were backcrossed 
to the high tumor strain, a high rate (81 per cent) was again shown, 
but when backcrossed to tlie low" tumor strain. Strain 1194, the rate 
dropped about half, 39 per cent. It seems evident tliat the percent- 
age of tumors to be obtained in tlie lungs of mice after tarring depends 
upon the strain of mice employed and may be controlled by back- 
crossing the h5"brids to one or the other of tlie strains used. 

The data are insufficient to make possible an accurate determina- 
tion of the number of hereditary factors involved. From the high 
tumor rate given by the first filial generation it w^ould seem that at 
least one factor for susceptibility is dominant or partially so. On 
the basis of the “dominant hypothesis,” however, we might expect a 
higher percentage than 39 in the backcross. Further generations 
will settle the question. 

In solving the problem of the genes involved, help may possibly 
be obtained from a more detailed study of the histology of tlie 
tumors. The tumors do not all present the same picture. The 
majority are formed of cuboidal cells, somewhat resembling the epithe- 
lium of the terminal bronchi. Others are composed of columnar 
cells, similar to the cells of bronchial epithelium, whicli, supported by 
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strands of connective tissue, thrust out finger-like processes. They 
are comparable to the papillary cyst-adenomas described by Tyzzer. 
There are many gradations betn^een the types. Some tumors have 
not the appearance of being malignant, vrhile others show examples 
of mitosis and definite infiltration. In one case the cells were elong- 
ated almost to a spindle shape and were quite imlike either of the 
t 3 ?pes already mentioned. So far a satisfactory classification of the 
types which would permit identi[ 3 mig them as different genetic classes 
has not been worked out. This must remain a problem for future 
investigation. 

Another point to be considered is the adequacy of this method of 
tarring as a test of susceptibility. A slightly different procedrue; 
such as a longer period of tarring, more frequent applications, a longer 
period between tarring and autopsy, or even a different tar prepara- 
tion, might yield a higher percentage of tumors. It is possible that 
the albino strain which gives positive results in 85 per cent of the 
cases may really be a 100 per cent strain genetically but not show it 
because of the ineffectiveness of the method employed. In that case 
the agoutis also might give a higher per cent than 22. Variations in 
procediue have not been tested. At present we can merely state 
the results obtained by the method described. 

SUiniARY Aim CONCLUSIONS. 

Evidence has previously been submitted in favor of the theory that 
susceptibility to spontaneous tumors of various tjrpes is inherited. 
The question arose whether susceptibility to tumors induced by tar 
could be shown to be hereditary by experimenting with the same 
strains of mice which had already been shown to differ significantly 
in respect to their spontaneous tumor rates. 

Two strains of naice were selected for observation. One strain, 
the Bagg albinos, has a low rate of mammary gland tumors but a 
higher rate of spontaneous lung tumors. The other strain, No. 1194 
agouti, has a higher rate of mammary gland tumors but a lower rate 
of tumors of the lung. A prerious test showed no difference m the 
percentages of skin tumors which arose after tar painting. 

It has already been shown that the difference in thelung tumor rates 
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is mathematically significant. \Vlicn the two stocks are treated with 
tar by applying the irritant, not in the same spot, but on different 
areas successively, the percentage of lung tumors is increased in each 
stock, Text-fig. 11. The rate of the Bagg albinos increased from 
37.04 to 85 per cent, that of Strain 1194 from 6.73 to 22 per cent. 
But a difference between them is still maintained, and this difference 
also is significant mathematically. 

Wdien the two strains are crossed and the offspring subjected to 
the tar treatment, the latter give a high percentage of lung tumors — 
79 per cent in 28 individuals — about the same as the parental liigh 
tumor strain. \^0ien the Fi sons are backcrossed to the original 
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stocks, the cross to the high tumor strain maintains the high tumor 
rate, 81 per cent in 37 mice, while in the cross to the low tumor strain 
the percentage drops to 39 per cent in 38 mice. Tliis result indicates 
that susceptibility to tar-induced tumors in the lung is hereditary. 
The number of factors concerned has not yet been ascertained. 
Possibly one or more of them is dominant. 

In general, the conception that susceptibility to pulmonary tumors 
is hereditary seems to be upheld by the fact that the two strains of 
mice described differ conspicuously in respect to spontaneous tumor 
rates under ordinary laboratory conditions; the strains differ also 
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under experimental conditions, as described in this report; and vs-hen 
crossed, their offspring by suitable backcrosses, Tivill again show signifi- 
cant differences. 
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FURTHER STUDIES CONCERNTNG THE FILTRABLE 
VIRUS PRESENT IN THE SU^MAXILLARY 
GLANDS OF GUINEA PIGS, 

By ANN G. KUTTNER, Ph.D, 

{From tJie Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, August 11, 1927.) 

In a previous paper (1), the occurrence of a filtrable virus in the 
submaxillary glands of full grown guinea pigs was reported. Emul- 
sions of the submaxiUary glands containing potent virus were found 
to be active after filtration through a Berkefeld candle. The virus 
was thermolabile, resistant to 50 per cent glycerol, and could not be 
cultivated either in the presence or absence of air. The various 
criteria necessary to establish the presence of a filtrable virus were 
thus fulfilled. It was found extremely difficult, however, to transmit 
the virus continuously from animal to animal in series. In spite of 
the fact that young guinea pigs, inoculated intracerebrally,* died with 
great regularity, it was found impossible to transmit the virus from 
brain to brain. It was only by changing the site of inoculation, as 
for instance, inoculating first in the brain and then in the testicle, 
or vice versa, that it was possible to carry the virus through two animals 
in series. In ordy one instance was the virus transmitted through 
three young gmnea pigs in series alternating as follows: testicle-brain- 
testicle. In subsequent work the virus has occasionally been trans- 
mitted from brain to brain by using very large doses or by making 
multiple injections. But the second animal in the series in no instance 
died or was severely sick. The reaction in the second guinea pig of a 
series, whether the site of inoculation was changed or remained the 
same, was always verj^ much milder than in the first guinea pig. 

In this paper the results of further attempts to transmit the guinea 
pig ^^rus to other species of animals are reported, certain immuno- 

1 The animals were anesthetbed with ether before inoculation. 
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logical aspects of this disease are discussed, and finally, the description 
of two methods of transmitting the virus from guinea pig to guinea 
pig in series is given. 

Transmission to Other Species of Animal. 

It was tliought that if it were possible to infect another species of 
animal vnth the guinea pig virus the problem of the transmission of 
the active agent from animal to animal would become less difficult. 
It has previously been reported that the intracerebral inoculation of 
the guinea pig virus into young rabbits, rats, and kittens proved 
negative. The observations have now been extended to include chick- 
ens, pigeons, dogs, a monkey (Ivlacacus rhesus), and inice. All these 
animals, however, proved refractory to intracerebral inoculation’ of 
the virus. Direct inoculations of the guinea pig virus into the sub- 
maxiUary glands of young rabbits and young rats were also made. 
The glands were removed at various periods following inoculation and 
examined histologically. No lesions containing nuclear inclusion 
bodies were found. 

Active Immunity. 

An important characteristic of filtrable viruses is that in most 
instances it is possible to produce an active immunity against the 
agents by the inoculation of small amounts of potent material. The 
injection of heat-killed virus on the other hand, in contrast with tlie 
results obtained with bacteria, fails to produce immunity. 

Expcrimcnlal . — A group of young guinea pigs were divided into two lots; each 
animal of one lot received three subcutaneous injections of active guinea pig virus 
on 3 successive days, the guinea pigs of the other lot remained untreated. 2 weeks 
after the last subcutaneous inoculation, the guinea pigs from both lots were inoc- 
ulated intracerebrally with active guinea pig virus. The guinea pigs which had 
received the subcutaneous injections survived, and, with a few exceptions, those 
which had remained untreated died in the usual period of time. In all the guinea 
pigs which received the subcutaneous injections of the guinea pig virus and whicli 
later proved refractorj' to brain inoculation, the specific lesion of the virus was 
found to be present in the submaxhlary glands. It was thought, therefore, that 
the immunity to intracerebral inoculation depended on an active infection of the 
submaxillaiy glands and, furthermore, that the virus travelled from the skin to tlie 
gland. In order to test this h5^othesis, further experiments were undertaken. 
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It was necessary to determine whether the specific lesion could regularly be found 
in the submaxUlary gland following subcutaneous injections of active guinea pig 
virus, and if so, how soon after inoculation the lesion, was demonstrable. Since 
infection of the suhmasillaiy gland occurs spontaneously in uninoculated guinea 
pigs, it was necessary to observe a control group of guinea pigs of approximately 
the same age over a similar or a longer period of time. 

Methods . — The virus used for injection was prepared as foUows. The sub- 
maxiUary glands of two or more adult guinea pigs were removed with sterile pre- 
cautions. A small piece of each gland was cut off and prepared for histological 
examination. In experiments in which it was necessary to make injections of 
virus on 2 or 3 successive days, another piece of each gland was put in 50 per cent 
glycerol and kept in the ice box until used. The rest of the material was ground 
thoroughly with sand in a mortar and the emulsion suspended in Locke’s solution. 
Approximately, four glands were suspended in 2 cc. of fluid. The emulsion was 
centrifuged at low speed for a few moments, and the supernatant fluid used for 
injection. Aerobic and anaerobic cultures were made from the fluid to make sure 
that no bacteria were present. 

Sections prepared from the submaxfllary glands used for injection were always 
examined to determine whether acidophilic nuclear inclusion bodies were present 
in the duct cells, and if so, their number and size were noted. Furthermore, 0.1 cc. 
of the supernatant fluid was inoculated intracerebrally into young guinea pigs to 
determine the virulence of the particular emulsion. These animab usually died 
5 or 6 days following injection and sections were prepared from their brains. In 
the majority of instances, meningitis was present and the exudate contained cells 
with acidophilic nuclear inclusion bodies. 

Every effort was made to use for inoculation only guinea pigs less than 1 month 
old. It is, however, extremely difi&cult to judge the age of guinea pigs by their 
size. In certain experiments in which it was particularly impxrrtant to exclude 
the possibility of a spontaneous infection of the submaxillary glands, only guinea 
pigs of known age were used. In other experiments where the age of guinea pigs 
used was imcertain, one submaxfllary gland was removed from each guinea pig 
at the begirming of the experiment’ and examined histologically to make certain 
that the animal was not already infected. 

Series E, September 16, 1926 . — Seven young guinea pigs, approximately 1 week 
of age, were selected, and the left submaxfllary gland removed from all of them 
and prepared for histological examination. These guinea pigs were then divided 
into two groups, three— Nos. 69-7, 69-8, 70-2— were kept together in one cage and 
left untreated, and four— Nos. 70-3, 70-4, 70-5, 70-7— received three subcutaneous 
injections on 3 successive da>’s of 0.1 cc. of an emulsion of active guinea pig virus. 
No definite local reaction occurred at the site of inoculation. 

The specific lesion was not found in the left submaxfllary glands removed from 
each gumea pig in both groups at the beginning of the experiment. 6 davs after 
the first subcutaneous inoculation, the right submaxillarv gland was removed 
from Guinea Pig 70-7. Microscopic study of this gland fafl'ed to show the specific 


- All operations were performed under anesthesia. 
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lesion. 12 days after the first inoculation, the right submaxillary gland was 
removed from Guinea Pig 70-4. Microscopic study of this gland showed the 
presence of t3pical nuclear inclusion bodies in the duct cells. The inclusion 
bodies were of tlie small t}T)c, indicating an carl}'- lesion. 18 days after the first 
inoculation tire right submaxillaiy glands were removed from Guinea Pigs 70-3 
and 70-5. On liistological c.vamination these glands showed tropical nuclear 
inclusion bodies both of the small and large 13^50 in the duct cells. 18 da3's after 
the beginning of the experiment the right submaxillary glands of the three control 
guinea pigs were removed. On microscopic study the specific lesion was not found 
in any of tlicse glands. 

This experiment seemed to indicate that 3'oung guinea pigs which are injected 
subcutaneously with active guinea pig virus become infected more rapidly than 
untreated guinea pigs of approximately the same age and, furthermore, that it 
requires 12 to 18 da3's for the specific lesion in tlie duct cells of the glands to 
develop. No macroscopic lesion, be3'ond a little induration, developed at the 
site of the subcutaneous inoculations. 

Further experiments. Series F, K, and R, -were made to confirm these obser\'a- 
tions and to determine whether guinea pigs, W'hich had been injected subcutane- 
ousl}’- with virus, subsequent!}’- became refractory to intracerebral inoculation. 
The results of intravenous and intraperitoneal injections of \Trus were also studied. 
As controls, a number of guinea pigs were injected subcutaneously with heat- 
killed virus, and the susceptibility of these animals to intracerebral inoculation 
was tested. In each experiment, several guinea pigs were not treated, and the 
submaxillary glands of these animals were removed at the same time that the 
glands were removed from the inoculated animals. 

Table I shows the results of subcutaneous, intraperitoneal, and intravenous 
injection of guinea pig -virus. It will be seen that one guinea pig in the control 
group. No. 73-2, was already infected at the beginning of the experiment, but that 
none of the other guinea pigs in this group developed the specific lesion during the 
time they w’ere imder observation. 

In none of the guinea pigs of the other groups w'ere lesions present at the be- 
ginning of the experiment. 13 to 14 da3^s after inoculation, however, acidophilic 
inclusion bodies were present in the right submaxillar}’- glands of all these guinea 
pigs with the exception of one, No. 74-2. In tins animal, however, it was doubtful 
whether the whole dose was injected into tlie vein. 

Many of the guinea pigs in this experiment were greatl}^ weakened by the two 
operations for the removal of tlie subniaxillary glands, and died of intercurrent in- 
fections. Three guinea pigs, Nos. 73-1, 73 - 3 , and 73-5, in the control group, and 
three guinea pigs, Nos. 71-9, 72-1, and 72-7, which survived the two operations, 
were inoculated intracerebrally with 0.1 cc. of active guinea pig virus. Guinea 
Pigs 73-1, 73-3, and 73-5, developed meningitic symptoms and were moribund on 
the 8th day. Sections prepared from the brains of these animals showed a typical 
mononuclear, meningeal exudate with cells containing acidophilic nuclear inclusion 
bodies. Guinea Pigs 71-9, 72-1, and 72-7 remained well. 
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Table II shows the results of subcutaneous injections of active and heat-killed 
guinea pig \drus. It has prc\dously been shown (1) that the guinea pig virus is 
inactivated b}”^ exposure to a temperature of 56°C, for a period of 1 hour. 

It will be seen from Table II that whereas all except one of the animals injected 
with active virus developed lesions in the submaxillary glands, none of tlie guinea 
pigs injected with heat-killed ^drus showed acidophilic nuclear inclusion bodies 
in the duct cells of the glands. 

On repetition of this c.xperiment (Scries R), similar results were obtained. 
None of tlie guinea pigs injected with heat-killed virus developed lesions of the 
submaxillary glands, in contrast to those animals which had been injected with 
active virus. The guinea pigs treated with heat-killed material succumbed to 
intracerebral inoculation of active virus, whereas the animals which had been 
injected subcutaneously with potent material, sur\dved the same intracerebral 
injection. Sections prepared from the brains of the animals tliat died showed a 
typical meningeal exudate contaming cells with acidophilic nuclear inclusion 
bodies. 

Summary of Experiments. Series F, K, R . — The submaxillarj’’ 
glands of twentj’’-seven )^oung guinea pigs whicli served as controls 
in these experiments were examined for the specific lesion. Tliree 
of these guinea pigs were found to be infected vdth the virus at the 
beginning of tlie experiment. None of the otlier twenty-four guinea 
pigs developed tlie lesion during the 2 weeks that tliey were under 
observation. Although it is impossible to be certain that a sub- 
maxillary gland is absolutely negative witliout cutting serial sections, 
further evidence that these guinea pigs were actuall}’" not infected 
is brought by tlie fact tliat tliey remained susceptible to intracerebral 
inoculation of the guinea pig virus. With tlie exception of the tliree 
guinea pigs mentioned above, which were spontaneously infected, all 
the guinea pigs in this group became sick following tlie injection of 
guinea pig virus into tlie brain. Histological sections of the brains 
of twelve of the twenty-four guinea pigs showed a t}^ical meningeal 
exudate. 

The submaxillar)’- glands of twenty-t-u’o guinea pigs which received 
either one or tw’o subcutaneous inoculations of actii^e virus, were 
examined for tlie presence of acidophilic nuclear inclusions in the 
duct cells at intervals varying from 9 to IS days following injection. 
With the exception of tliree cases, in one of whicli the animal died 
early (9th day), the submaxillary glands of these guinea pigs showed 
the specific lesion. The immunity of seventeen of these guinea pigs 
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was tested by intracerebral inoculation, twelve survived, three died 
acutely 1 or 2 days after inoculation, and two died late from inter- 
current infections. 

The submaxiUary glands of three guinea pigs which had received 
one intraperitoneal inoculation of active guinea pig virus, were ex- 
amined 14 days following injection, and all showed acidophilic nuclear 
inclusion bodies in the duct cells. 

The submaxiUary gland of four guinea pigs which had received one 
inoculation of active guinea pig virus intravenously, were examined 
13 days foUowing injection. Acidophilic nuclear inclusion bodies 
were found in three of them. The submaxiUary gland in one case 
was found to be negative, but it is questionable whether, in this 
instance, the whole dose was injected into the vein. 

The submaxiUary glands of fomteen guinea pigs which received 
one or two subcutaneous inoculations of heat-kUled virus were ex- 
amined 14 days after inoculation. No acidophiUc nuclear inclusion 
bodies were found in any of them. The inmnmity to intracerebral 
inoculation was tested in seven of these guinea pigs. They all de- 
veloped meningitic sjnnptoms. Sections prepared from the brains 
of three of these animals showed a typical meningeal exudate with 
acidophUic nuclear inclusion bodies. 

It was thought of interest to determine whether young guinea pigs 
from which both submaxiUary" glands were removed and which were 
then injected subcutaneously with active guinea pig virus, would also 
become refractory to intracerebral inoculation. 

Series L. December 1, 1926 . — Fourteen young gumea pigs, all of approximately 
the same age, were selected and divided into two groups. Both submaxiUary 
glands were removed from every guinea pig in Group I. The right submaxiUary 
gland was removed from every guinea pig in Group n. On subsequent histolog- 
ical examination, it was found that none of the submaxiUary glands removed at 
the beginning of the experiment showed the specific lesion. .'Ul the guinea pigs 
in Group I and in Group n received two subcutaneous injections on 2 successive 
days, December 2 and 3, of 0.1 cc. of active guinea pig virus. 

12 to IS days after the first subcutaneous injection, the left submaxUlary gland 
was removed from cverj- guinea pig in Group H. Microscopic study of these 
glands showed that in cveiy instance tlie specific lesion had developed foUowing the 
subcutaneous inoculation of the wrus. 

On December 17, 15 da>'s after the first subcutaneous inoculation, all the 
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guinea pigs in Groups I and 11 which sur\'ivcd were inoculated intracerebrally 
with 0.1 cc. of active guinea pig virus. Furthermore, two guinea pigs, Nos. 
85-6 and 85-8, which had liad both submaxillar}’ glands removed 6 weeks before, 
but which had received no injections, as well as one young normal guinea pig, 
No. 10-38, were also hioculated into tlie brain. These tlirce animals, Nos. 85-6, 
85-8, and 10-38, all showed t}’pical s}'mptoms and were moribund on the 6th day. 
Sections prepared from the brains of these animals showed typical lesions with 
cells containing acidophilic nuclear inclusion bodies. None of these guinea pigs 
in Groups I and II became sick. 

The previous experiments liad seemed to indicate that intracerebral 
immunity depended upon the localization of the virus in tlie sub- 
maxillary gland, but the result of this experiment showed that the 
presence of the glands was not essential for the dev’-elopment of 
immunity. An attempt was therefore made to determine whetlier 
in tliis case another localization of the virus had occurred. 

In addition to the submaxillary glands, which lie fairly deep in 
guinea pigs, there is a superficial salivar}’ gland which lies directly 
over the jugular vein and whicli probably corresponds to the parotid* 
in man. In the majority of full grown guinea pigs in which the 
submaxillary glands show the specific lesion no acidophilic nuclear 
inclusion bodies are present in this superficial gland and emulsions of 
this gland are not infectious when inoculated into tlie brains of young 
guinea pigs. The parotid glands of four guinea pigs of Group I were 
examined, and the specific lesion was found in three, and it seems, there- 
fore, that, in tlie absence of the submaxillary glands, the vdrus localizes^ 
in tlie parotid glands, and the animals then become refractory to 
intracerebral injection. Theoretically, it would be of interest to 
inject guinea pigs from which both the parotid and submaxillary glands 
had been removed, to see vv’here the vdrus would localize under these 
circumstances, but the position of the parotid glands is such that it 
is impossible to remove them completely without ligating both jugular 
veins. 

On repetition of this experiment (Series Q) similar results were ob- 
tained. Seven guinea pigs from which both submaxillar}'- glands had 
been removed, but which had receiv'^ed no injections of guinea pig 

*To make tlie description more simple this gland has been called “parotid 
gland” in the discussion which follow’s. 
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virus, remained susceptible to brain inoculation. Four guinea pigs 
which had had both submaxillar}’- glands removed and had received 
one injection of active guinea pig "vdrus were refractory to intracerebral 
injection, and the specific lesion could be demonstrated in the parotid 
glands in three of these four animals. 

The parotid glands of two guinea pigs which had one submaxUlary 
gland left when they were injected subcutaneously with active guinea 
pig "virus, showed acidophilic nuclear inclusion bodies, both in the 
submaxillary and the parotid glands. It seems, therefore, that follow- 
ing injections of active "virus the parotid glands became infected even 
though one submaxiHary gland was still present. When the infection 
occurs spontaneously, however, the submaxillary glands and not the 
parotid glands are usually the first to be infected. This point is 
brought out by the following experiment. 

Series 0. December 28, 1926 . — ^The right submarillary glands were removed 
from four yoimg guinea pigs, Nos. 10-61, 10-63, 10-64, 10-65. These four animals 
■were kept together in the same cage and left xmtreated. The left submarillary 
• glands were removed at various intervals and e x amined histologically. No 
acidophilic nuclear inclusion bodies were foimd in any of the sections prepared 
from the submaxillary glands removed at the beginning of the experiment. On 
February 1, 1927, approximately 1 month after the beginning of the experiment, 
the left submaxillary and parotid glands were removed from Guinea Pig 10-63. 
The specific lesion was found in the sections prepared from the submaxillary glands, 
but not in those prepared from the parotid gland. 

On iilarch 1, 1927, approximately 2 months after the beginning of the experi- 
^ment, the left submariUar>' and parotid glands were removed from Guinea Pig 
10-64. The specific lesion was found in sections prepared from the submaxillary 
gland, but not in those from the parotid gland. 

On March 25, 1927, almost 3 months after the beginning of the experiment 
the left submaxillary and parotid glands were removed from Guinea Pigs 10-61 
and 10-65. The specific lesion was found in the sections prepared from the 
submaxillary gland of Guinea Pig 10-65. In those prepared from the parotid 
gbnd of this guinea pig an area of reaction was present, but no acidophilic nuclear 
inclusion bodies were found. The specific lesion was fotmd neither in the sub- 
maxillar>' nor in the parotid gland of Guinea Pig 10-61. 

On March 25, 1927, after the removal of the left submaxiUary gland and the 
left parotid gland, Guinea Pigs 10-61 and 10-65 received an intracerebral in- 
ocubtion of active guinea pig wjais. Guinea Pig 10-61 succumbed on the 6th 
day and the histological examination of the brain showed a tj-pical meningih'c 
exudate with cells containing addophilic nuclear indusion bodies Gnbe-. p;., 
10-65 rcm.aincd well. ’ 
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The problem of spontaneous infection in this disease is an extremely 
difhcult one. In the experiment reported above, three of four guinea 
pigs became infected in periods varying from 1 to 3 months. The 
other guinea pig, though closely confined in the same cage with these 
animals, never developed the specific lesion in either tlie submaxillar}’’ 
or parotid glands, and remained susceptible to intracerebral inocula- 
tion of the guinea pig virus ivhen more than 3 months of age. In 
certain other experiments it was thought possible to exclude the 
occurrence of spontaneous infections of the submaxillary gland, by 
using only guinea pigs of known age. In one instance, however, the 
submaxillary gland of a guinea pig 22 days old was found to be infected. 
There are apparently other factors besides those of age and ex'posure 
to the virus that determine whether or not the submaxillar}' glands of 
guinea pigs become infected with this disease. 

Passive Iinmuniiy . — It has been impossible to demonstrate any 
virucidal properties in the sera of full grovm guinea pigs which have 
been spontaneously infected, or in young guinea pigs which have 
developed the infection in the submaxillary glands as tlie result of 
subcutaneous injections. The failure to show virucidal action in 
the serum of immune animals in this disease can probably be attributed 
to the fact that the quantitative factors have not been adequately 
controlled in these experiments. Further work needs to be done on 
this phase of immunity. 

In the first two experiments on this subject, equal quantities of 
guinea pig virus and the pooled serum from three full gro’u’n guinea 
pigs, which were subsequently showm to be carrying the infection in 
their submaxillary glands, were combined and allowed to stand at 
room temperature for 30 minutes and 0.2 cc. of the mixture was then 
injected intracerebrally into young guinea pigs. In the same way 
the serum of a very young guinea pig, 6 days old, whose submaxillary 
gland did not show the specific lesion, was combined with an equal 
quantity of guinea pig virus, and injected intracerebrally into young 
guinea pigs. As additional controls, young guinea pigs were also 
injected intracerebrally with 0.2 cc. of a mixture of equal quantities 
of virus and Locke’s solution. 

In these experiments, even when the dose of virus used was small, 
the sera of the full grown guinea pigs did not prevent death or the 
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formation of a meningeal exudate containing cells showing acidophilic 
nuclear inclusion bodies. 

Transmission of the Guinea Pig Virus in Series; from Skin to Stib- 
maxillary Gland ajidfrom Siibmaxillary Gland to Skin. — ^The regularity 
with which the specific lesion appeared in the submaxillarj’- glands 
foUovring subcutaneous inoculation of the virus was so striking that it 
was thought that this might be an easy way to transmit the mrus from 
guinea pig to guinea pig in series. In this experiment, only pigs of 
known age, which had been bom on the premises, were used. In 
order to control the experiment as accuratety as possible, each litter 
of guinea pigs was, whenever possible, divided into two lots. Two 
guinea pigs bom in one litter were inoculated subcutaneously with 
an emulsion of virulent submaxillary glands from full grown guinea 
pigs. As a control two other pigs of the same litter were inoculated 
with an emulsion of the submaxillary glands obtained from a full 
grown rabbit. 2 weeks after the subcutaneous inoculation, the sub- 
maxillary glands were removed from the guinea pigs injected vith 
guinea pig vims, a piece was taken from each gland for section, and the 
remainder of the glands emulsified and injected subcutaneously into 
other guinea pigs of known age. In the same way the submaxillary 
glands were removed from the two pigs which had been injected 
subcutaneously with rabbit submaxillarj^ gland, a piece was taken for 
histological section, and the rest was emulsified and injected sub- 
cutaneously into guinea pigs of known age. After 2 weeks the same 
steps were repeated. In this way the vims was carried through seven 
generations, the submaxillary glands of the previous generation always 
being injected subcutaneously into the guinea pigs of the next gen- 
eration. The control series has been continued exactly in the same 
way as the series started with the guinea pig vdms. In order to 
determine the \Tmlence of the material used for subcutaneous inocula- 
tion in each generation, intracerebral inoculations were also made. 
Young pigs inoculated intracerebraliy with the submaxillar>' glands 
of the series started with guinea pig vims have become sick and, in 
many instances, died. Histological e-xamination of the brams of 
these animals have shown a topical meningitic e.xudate containing 
cells with nuclear inclusion bodies. Guinea pigs inoculated intra- 
ccrcbrally with an emulsion of the submaxillar}- glands removed from 
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TABLE III. 


I generation 





i 



Subma.c. gland 

Subc. inoc. 

Inoculum 

Dale 

G. P. 





! 

tc 1 
< 1 

Section i 

Result 






days 



0.1 cc. 

Submax. 

Nov. S 

] 87-1 

A 

4 

] 



glands from 

Nov. 9 

[ 87-2 

a 

ii 

76Sb 

Pos. 


2 old gui- 
nea pigs 


J 87-5 

B 

tt 

J 


Removal of glands 


Nov. 22 

1 87-1 

A 

IS 

S38b 

Pos. 




[ 87-2 

tt 

tt 

S39b 

Neg. 




J 87-5 

\ B 

tt 


Pos. 


II generation 


Subc. inoc. 0.1 cc. 

IEOH 

Nov. 22 

] 94-7 

D 

7 





Nov. 23 

[ 94-8 

it 

1 

tt 






j 94-9 


tt 



Removal of glands 


Dec. 7 

1 94-7 

D 

22 

927b 

Pos. 



94-S 

tt 

tt 

928b 

pos. 


IBH 


1 94-9 

1 * 

E 

tt 

929b 

Pos. 


III generation 


Subc. inoc. 0.1 cc. 

] 94-7 

Dec. 7 

] 

G 





[ 94-8 

Dec. 8 

[ 48 

ft 

tt 




J 94-9 


J 49 

F 

8 



Removal of glands 


Dec. 21 

1 47 

G 

16 

1 





\ 49 

F 

22 

1 9S3b 

Pos. 




] 48* 

G 

16 




IV generation 


Subc. inoc. 0.2 cc. 

1 47 

Dec. 21 


H 

7 




/ 49 


llQ 

tt 

ft 



Removal of glands 


Jan. 5 


11 

22 


Pos. 




HIQ 

1 (/ 

tt 

1028b 

Pos. 


* No. 48 used for section only. 

Positive indicates that acidophilic nuclear inclusion bodies were found in the 
duct cells of the glands. 

Negative indicates that no^lesions were found in the glands. 
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TABLE HI — Concluded. 


V gencrztion 


Subc. inoc. 

Inoculum 

Date 

G.P. 

Litter 

1 

Submax. gland 

Section 

Result 






days 



Subc. inoc. 0.2 cc. 

1 10-42 


wmm 

J 

4 




J 10-43 

Jan. 5 

y 10-76 


tc 






j 10-77 

I 

13 



Removal of glands 



] 10-75 

J 

19 

] 




Jan. 20 

[ 10-76 

(1 

t( 

[ 1068b 

Pos. 




J 10-77 

I 

28 

J 



VI generation 


Subc. inoc. 0.2 cc. 

RSBI 

■1 

1 11-06 

K 

5 



11 


1 11-07 

tt 



Removal of glands 

J 10-77 


j 

1 11-06 

tt 

19 

1107b 


Him 

J 11-07 

tt 

(( 

1108b 


generation 


Subc. inoc. 0.2 cc. 

RBH 

Feb. 3 

i 11-36 

1 

H 

6 




IB| 


J 11-37 

L 

8 

1 


Removal of glands 


Feb. 17 

1 11-36 

H 

20 

1148b 

Pos. 

1 


! 

j 11-37 

L 

22 

1149b 

Pos. 


the animals of the control series have usually remained well. In 
certain instances, when these guinea pigs died of other causes, the 
histological examination of the brain proved negative. The sections 
of the submaxillary glands of the guinea pigs of the series started with 
guinea pig \drus have in every instance, except one, shown the specific 
lesion. On the other hand sections from the glands of the first six 
animals of the control series were all negative. The seventh animal 
of the series, however, Guinea Pig 11-41, though only 22 days old, 
developed a spontaneous infection. The gumea pigs in the control 
scries were kept together in a separate cage, but no special precautions 
such as sterilizing the cage, were taken. The guinea pigs were allowed 






















TABLE IV 


Control Series Started willi Rahhil Snhmxillary. 


I generation 



Inoculum 

Dale 

B 

Litter 

o 

< 









days 



Subc. inoc. 0.1 cc. 

Rabbit 

Hi 

1 

S7-3 

A 

4 







S7-4 


(( 







’ S7-6 

B 

u 

>769b 

Neg. 






(( 

{( 



Removal of glands 





A 

19 

S41b 

tt 



Nov. 23 




it 

842b 

tt 






n 

ft 

S43b 

tt 





87-7 

it 

tt 

844b 

tt 


II generation 


Subc. inoc. 0.1 cc. 

nai 

Nov. 23 

] 95-2 

E 

8 

■1 




Nov. 24 

[ 95-3 

D 

tt 




j 87-7 


] 95-4 

E 

it 

■ 


Removal of glands 


Dec. 7 

] 95-2 

E 

22 

B 

Neg. 




95-3 

D 

it 

HI 



■m 


j 95-4 

E 

tt 

B 



III generation 


Subc. inoc. 0.1 cc. 


Dec. 7 

] 52 

G 

2 




Dec. 8 

1 53 

F 

8 



J 95-4 


1 54 

tt 

it 


Removal of glands 


Dec. 21 

1 53 
/ 54 

tt 

tt 

22 

CC 

|984b 


IV generation 


Subc. inoc. 0.2 cc. 

BB 

Dec. 21 

\ 10-14 
j 10-45 1 

H 

tt 

7 

cc 



Removal of glands 

IHIII 

Jan. 5 

10-44 j 

tt 

22 

1029b 

Neg. 


V generation 


Subc. inoc. 0.2 cc. 

10-44 

Jan. 5 

] 10-81 

I 

13 





[ 10-82 

tt 

CC 





j 10-80 

J 

4 


Removal of glands 


Jan. 20 

1 10-81 

I 

28 

1 



[ 10-82 

tt 

tt 

[ 1069b 




j 10-80 

J 

19 

) 


Positive indicates that acidophilic nuclear inclusion bodies were found in the 
duct cells of the glands. 

Negative indicates that no lesions were found in the glands. 
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TABLE I\^ — Concluded. 


M generation 



i Inoculum 

i 

Date 

G.P. 

1 

1 " 


Submax, gland 




tc 

Section 

Kesult 


■■■ 



1 

deys 



Subc. inoc. 0.2 cc. 


Jan. 20 

11-08 

K 

5 



! 













' 



Removal of glands 

mu 

Feb. 3 ' 

11-08 

fC 

19 

1109b 

Neg. 


\*II generation 


Subc. inoc. 0.2 cc. 

11-08 

; Feb. 3 

1 11-40 

M 

6 






J 11-41 

L 

8 



Removal of glands 


Feb. 17 

I 11-40 

M 

20 

1130b 

Neg. 


j 

1 

j 11-41 

L 

22 

1151b 

Pos. 


to remain wnth their mothers for 1 week after birth. It is possible 
that, if these factors had been more carefully controlled, the spon- 
taneous infection of Guinea Pig 11-41 might not have occurred. The 
results of these experiments are showm in Tables III and W. 

Transmission of the Guinea Pig Virus from Stihmaxillary Gland to 
Suhnaxillary Gland. — The guinea pig \-irus has also been transmitted 
through seven generations in series by direct inoculation from gland 
to gland. 

In this experiment guinea pigs of knov.n age vrere not available. In every 
instance one submaxiUar>' gland rvas removed at the beginning of the experiment 
and prepared for histological examination. In the first generation, Guinea Pig 
10-10 was given a large injection of guinea pig xdrus subcutaneously. The left 
submaxillary gland was removed 12 daj-s after inoculation, a small piece was 
prepared for histological section, and the rest emulsified and used for injection. 
In all subsequent generations injections were made directly into the left sul> 
ma.xillaiy gland. 14 to 17 days following inoculation, the injected subma-xillary' 
gland was removed, a piece prepared for histological section, and the rest placed 
in SO per cent glycerol until cultures could be made to e.xclude the possibifity of 
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bacterial contamination. The gland was then \vashed free of glycerol, emulsified, 
and used for injection into the next group of guinea pigs. In some cases, both 
the submaxillar}’’ gland and the parotid gland were examined histologically to see 
if the infection had spread from the submaxillar}’ gland to the parotid. 

None of the right submaxillary glands removed before the inocula- 
tion of the left submaxillary gland showed the specific lesion. Tlie 
great majority of the injected glands showed acidophilic nuclear in- 
clusion bodies and were virulent when inoculated into tlie brains of 
3’^oung guinea pigs. In one instance, both the submaxillary gland and 
the parotid glands showed the specific lesion, in four otliers the 
nuclear alterations were found in the submaxillar}’ gland only. 

Summary of Transmission Experiments. — The experiments recorded 
in Tables III to V indicate fairly conclusively that the guinea pig 
virus can be transmitted in series. Tlie striking characteristic of tliis 
virus is its marked predilection for glandular tissue, which accounts 
for the fact that it was impossible to transmit the virus from brain to 
brain. 

Is the Guinea Pig Virus Related to “Kurloff Bodies’’? — The occur- 
rence of peculiar structures, loiomi as “Kurloff bodies,” in the cyto- 
plasm of the mononuclear cells of guinea pigs' blood was first observed 
by Kurloff (3) in 1888. Although many investigators have studied 
the “Kurloff bodies,” it has been impossible to draw any definite con- 
clusions as to their nature. Some workers maintain tliat they repre- 
sent vacuoles, others that they are true inclusion bodies belonging to 
the “Chlamydozoa.” Their infectious nature, however, has never 
been proved. All attempts to transmit them from one animal to 
another have failed. It is of interest that “Kurloff bodies” are not 
present in the blood of guinea pigs at birth. According to Senez (4) 
they appear as early as the 7th day; Bender (5), on the other hand, 
has never observed them in guinea pigs less than 1 month old. The 
absence of “Kurloff bodies” in very young guinea 'pigs and the de- 
velopment of these structures in the blood of the majority of full 
groivn guinea pigs, suggested that there might be some relationship 
between them and the infection of young guinea pigs with guinea pig 
virus. The fact, however, that “Kurloff bodies” always lie in the cyto- 
plasm of the mononuclear cells, whereas the lesion of the guinea pig 
virus is characterized by nuclear inclusion bodies, indicates that there 
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is probably no relation bet-n-een the two conditions. In order to 
exclude this possibility, citrated blood of a full gromi guinea pig 
containing “Kurloff bodies,” was injected intracerebrally into a young 
guinea pig. The animal remained well. On the 6th day it was killed 
and sections prepared from the brain. No meningitic exudate or 
other cerebral lesion was found. In order to obtain a greater con- 
centration of mononuclear cells containing "Kurloff bodies,” 10 cc. 
of sterile broth was inoculated into the peritoneal caxlty of a full 
grown guinea pig. The following day the peritoneal exudate was 
examined for the presence of cells containing “Kurloff bodies.” A 
fair number of these cells were found to be present. The cells were 
washed with salt solution and injected intracerebrally into two young 
guinea pigs. These animals also remained well. 

CONCLUSIONS. 

1. It has been shown that the guinea pig virus localizes in the 
submaxiUary glands of yoimg guinea pigs following subcutaneous, 
intraperitoneal, or intravenous injection of active material, and that 
the specibc lesion is demonstrable in the glands in 12 to 15 days. 
WTien an active infection of the gland has been produced in this way, 
the guinea pigs are refractory to intracerebral inoculation of the virus. 

2. No lesion develops in the submaxillary glands of j'-oimg guinea 
pigs injected subcutaneously with guinea pig virus which has been 
inactivated by heat. Yoimg guinea pigs which have received in- 
jections of heat-killed ^drus do not become refractory to intracerebral 
inoculation of the virus. 

3. YTien young guinea pigs from which both submaxillary glands 
have been removed are injected subcutaneously with active \drus, the 
virus localizes in the parotid gland, and the animals become refractory 
to intracerebral inoculation. 

4. It has been impossible to demonstrate virucidal properties in the 
sera of adult guinea pigs which have become spontaneously infected 
with the \nrus, or in the sera of young guinea pigs which have been 
artificially rendered refractory to intracerebral inoculation. 

5. It has been possible to transmit the \'irus from guinea pig to 
guinea pig continuously in series through seven animals by dhect 
inoculation from submaxillaiy gland to submaxillar>- gland. 
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6, The fact that the virus regularly localizes in the submaxillar}’- 
glands following subcutaneous inoculation has been utilized in passing 
the virus from guinea pig to guinea pig. 2 weeks after the subcu- 
taneous inoculation of the virus into young guinea pigs, the active 
agent was present in the submaxillary glands. Emulsions of the 
submaxillary glands of these animals were then used for the sub- 
cutaneous injection of another group of young guinea pigs. In tliis 
way the virus was transmitted continuously from skin to submaxillary 
gland through a scries of seven animals. 
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STUDIES IN EXPEREMENTAL EXTRACORPOREAL 
THROMBOSIS. 


W. Eppects op Certain Physical and Mechanical Factors on 
Extracorporeal Thrombosis with and 'wtthoijt the 
Use of Anticoagulants. 

By T.AKUJI SmONOYA, M.D.* 

{From the Division of Medicine, Mayo Clinic, and The Mayo Foundation, Eachesler, 

Minnesota.) 

(Received for publication, August 27, 1927.) 

It is 19611 known that coagulation of drawn blood may be retarded 
experimentally by cold, and that moderate heating hastens coagula- 
tion. In fact, it has been claimed by some (Starling) that platelets 
increase in numbers in cold blood and that they can actually be “manu- 
factured” by cooling platelet-free plasma. In this connection I have 
no evidence to offer, but it is important to know the influence of heat 
and cold on clot formation in the circulating blood. This may have 
some bearing on matters of treatment; consequently some experiments 
have been carried out by the method already described for the study 
of extracorporeal thrombosis. 

Effects of Temperature. 

Cold . — Rabbits weighing about 2 kilos were anesthetized and 
operated on as already described. The apparatus, filled with physio- 
logic solution of sodium chloride was attached to the carotid artery 
and jugular vein, the collodion tube being immersed in cool physiologic 
sodium chloride solution (5°C.). The clamps were detached and the 
blood began to circulate very violently through the apparatus. In 
spite of the container being surrounded by ice, the cool solution in 
the container became warm ( 10° to 15°) verj- soon, as it was influenced 
by the warm arterial blood. To keep the collodion tube cool the 
solution in the container was changed manv times. 

* Fellow of the Rockefeller Foundation. ' 


957 



958 


EXTRACORPOltEAL THROMBOSIS. IV 


On marked cooling, the blood in the apparatus continued to flow 
for from 15 to 25 minutes, while at body temperature it ceased in 
from 4 to 10 minutes. Finally the circulation was stopped by the 
obstruction of the arterial cannula (rarely of the venous cannula) by 
white thrombi. Before obstruction was complete the blood current 
became slow and white thrombi appeared in several places in the 
apparatus, especially in the arterial tubes and to some extent in the 
collodion tube. Still circulation sometimes went on. Gradually the 
pulsation of the collodion tube and jugular vein became less marked, 
and mixed thrombi appeared in tlie venous cannula, and extended 
into the vein, ^^dien the apparatus was detached, as soon as the 
obstruction occurred, the blood in the arterial cannula and in the 
arterial half of the apparatus was already clotted and mixed thrombi 
appeared on the irregular surface of the connecting parts of the glass 
tubes, while about half of the blood in the venous half of the apparatus 
still remained fluid. In the collodion tube the blood was clotted in 
laminas, a part of the blood still remaining fluid; a few small white 
thrombi were sometimes seen also. 

From tills it is clear that low temperature tends to retard clotting 
in the artificial loop and consequently the occurrence of obstruction 
is postponed. Nevertheless, white thrombi were observed in several 
parts of the apparatus. 

Heat . — In tivo experiments the effects of heat (40°C.) were inves- 
tigated. After a few minutes circulation, fibrin formed on the ab- 
normal surface of the apparatus, especially in the collodion tube 
and venous cannula. Obstruction of the venous cannula by red clot 
occurred after from 4 to 6 minutes circulation. Soon after obstruc- 
tion, all the blood in the apparatus clotted as a solid column; 
lamination was not marked. The formation of white tlirombi was 
scarcely evident. 

The results of heat (55°C.) applied around tlie collodion tube are 
much more interesting for they indicate the rapidity with whicli 
clotting may occur. After from 2 to 6 minutes the venous cannula 
was totally obstructed and a solid column of blood was taken out of 
the apparatus. In serial sections only coagulated blood was seen, 
instead of the characteristic structure of red and white thrombi. 
Rapid coagulation does not allow sufficient time for stratification 
or collection of platelets. 
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E^ect of Mechanical Factors Snch as Compression and Obstruction of 

Vessels. 

Wxen the blood is normally coagulable and the carotid artery is 
partially compressed and the stream retarded the arterial cannula is 
soon obstructed by -white thrombi, mixed thrombi form in the artery, 
and the entire blood in the apparatus comes to a standstill and quickly 
clots as a solid mass. 

Partial Occlusion of the Carotid Artery. — The results in the follow- 
ing protocol are t3q>ical of the findings in three experiments. 

At 2.25 p.m. Rabbit 28, weighing 1,800 gm. was mjected intravenously with 30 
mg. of heparin. At the same time the apparatus was attached and the carotid 
artery compressed -with metal clip so that the blood flowed at the rate of 30 
drops a minute. Clotting time was more than 30 minutes. 

At 2.55 pulsation was recognizable. A white thrombus obstructing the arterial 
cannula was removed. With a new set-up, the experiment was continued, the 
blood flo-wing at the rate of 30 drops a minu te. 

At 3.20 the stream stopped again. The collodion tube was cut off. The con- 
stricted part of the arterial cannula was filled with white thrombi and totally 
obstructed. There was a big red thrombus (6 mm. long, 4 nam. wide and 3 mm. 
thick) in the bottom of the arterial end of the collodion tube, and in the arterial 
half of the apparatus were many white thrombi, which were covered by sedimented 
erythroc>’tes. 

In spite of the incoagulability of the blood, the slowing of the blood stream has 
a tendency to facilitate the formation of red thrombi on the foreign lining of 
the apparatus and, on accoimt of the marked retardation of the stream, the 
thrombi are chiefly formed in the arterial half, in the collodion tube at the arterial 
inlet Just as in the case of Aschoff’s sand banks. Obstruction of the arterial 
caimula by a mass of white thrombi is easily demonstrated. 

In the serial sections this thrombus from the collodion tube is built on a base 
of very tiny white thrombi and is composed of red clots, in which wide fibrin bands 
are interwoven. Despite the incoagulability er>-throc>'tes easily precipitate and 
fibrin is formed rather quickly. 

Complete Obstruction of the Carotid Artery. — In t-wo experiments 
■with anticoagulant injection* a few minutes after the circulation 
through the apparatus -was established, the carotid artery was ob- 
structed by a clamp. The apparatus was detached 15 minutes and 
SO minutes respectively, afterwards. There was a mixed thrombus 

• With larger or continuous dose of heparin dotting might be entirely prevented. 
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in the carotid artery between clamp and cannula which followed tlie 
white thrombus of the constricted part of the arterial cannula. In 
the latter, also in the venous cannula, in the jugular vein and here 
and there in the other parts of the apparatus, blood clot adhered to 
tlie wall. In the collodion tube tlie greater part of the blood remained 
fluid but, in tlie bottom, thin layers of red clots and one big mixed 
thrombus adhered to the wall of the arterial half of tlie collodion tube 
near tlie inlet and another was present at the outlet. 

In tlie case of partial obstruction of the carotid artery tlie blood 
stream in the apparatus is at a standstill and further growth of white 
thrombi is very mucli reduced because no new blood platelets or 
leucocytes will be brought in contact with the w'all. 

Obstruction of the Jugular Vein . — The findings in the following are 
characteristic of tliose in four experiments. 

At 2.30 p.m. Rabbit 44, weighing 1,850 gm. was injected witli 40 mg. of heparin 
intravenously. At 5.05 the apparatus was attached and marked stream and 
pulsation were observed in it. At S.IS the jugular vein was obstructed by a clamp. 
Then the blood stream in the arterial cannula was violent and the pulsation of the 
collodion tube still marked; soon afterwards the blood in the venous tubes and in 
the collodion tube became dark, but the pulsation in the arterial half persisted. 

At 5.45, 55 minutes after connection, the clotting time was longer than 30 
minutes; pulsating movement in the arterial cannula was still marked. 1 hour 
after the connection the apparatus was detaclied. In the apparatus white thrombi 
were not numerous. Sedimentation of erj'throcytes occurred in tlie venous corner 
tube. The collodion tube contained at its arterial end a large mixed thrombus, 
consisting mainly of large clumps of platelet thrombi; about twenty clumps were 
connected by fibrin and erythrocytes. 

SUMMARY. 

The effects of environmental temperature on thrombosis in circu- 
lating blood were tested in the extracorporeal loop by the metliod 
previously described. Cold (7° to 15°C.) about the collodion tube 
retards the clotting of circulating blood. Obstruction of the arterial 
cannula occurs after from 15 to 25 minutes. Heat (40° and 55°C.) 
tends to hasten clotting; obstruction by red clot takes place after 
from 4 to 6 minutes and from 2 to 4 minutes, respectively. In the 
latter case no characteristic thrombus structure may be seen. These 
results were what might be expected. The formation of white thrombi 
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occurs even under the influence of cold, and they continue to form and 
grow as long as the circulation continues. 

WTien the carotid artery is partially occluded and the blood stream 
slowed, after the injection of the anticoagulant, the blood has a 
tendency to form red thrombi on the foreign surface of the vascular 
loop. The thrombi are deposited chiefly in the arterial half of the 
apparatus, especially at the bottom of the arterial end of the collodion 
tube, just as in the case of Aschoff’s sand experiments. In spite of 
incoagulability of heparinized blood, red clots, with interwoven fibrin 
bands, are foimd. Also very tiny white thrombi may form in other 
parts of the collodion tube. 

The effect of complete obstruction of the carotid artery and jugular 
vein on thrombus formation was studied after the use of anticoagulant. 
"WTien the carotid artery is obstructed the formation of white thrombi 
is negligible and sedimentation of erythrocjles and deposition of 
fibm appear throughout the apparatus; then the blood, at a stand- 
still, clots very slowly. 

When the jugular vein is obstructed, dislodgment of platelet thrombi 
probably results from the pulsating movement, and sedimentation 
of erythrocytes follows, formiug mixed thrombi. The dislodged white 
thrombi tend to gather in the bottom of the tubes of the widest cali- 
ber, especially in the collodion tube. 
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V. Ikfltjence op Certain Chemicax Substances on Extracor- 
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Magnesium Sulfate. 

By T.AECUJI SHIOXOYA, M.D. 

{From the Dvnision of Medicine, Mayo Clinic, and The Mayo Foundation, Rochester, 

Minnesota^ 

(Received for publication, August 27, 1927) 

With the method of studjdng experimental extracorporeal throm- 
hosis already described, the influences of certain chemical substances, 
such as distilled water, bile salts, «f-glucose, urea and calcium chloride, 
have been examined. 

The Effect of Distilled Water. 

It is well known that shed or hemolyzed blood, when injected 
into the circulation, may cause the liberation of fibrin and subse- 
quently intravascular dotting. On the other hand, it has been 
stated by Reed that heparinized blood, despite its incoagulability, 
can clot very soon after the addition of distilled water. In this 
connection, I have carried out a series of experiments and have veri- 
fied this fact, as will be seen from the results. 

Experiment 1. — A rabbit weighing 2100 gm. was given 50 mg. of heparin (Hyn- 
son, WeStcott and Dunning) intravenously. Blood was drawn immediately from 
the carotid artery into a paraffined vessel; 1 cc. of the blood was put into each of a 
seriesofsmalltest-tubesandvariousamountsof distilled water were added to each 
and clotting time was recorded (Table 1). Accordingly I attempted to see what 
the effect would be of distilled water pbced outside of the collodion membrane. 

Experiment 2. — ^WTien the collodion tube of the drculatoiy loop was surrounded 
by distilled water, the latter passed through the membrane into the circulation, 
causing, from 5 to 10 minutes later, bemolj-sis of the heparinized blood flowing 
along the wall of tlie collodion tube. 30 minutes or more later, fibrin formed, and 
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coagulation of hcmolyzcd blood followed. In tlic serial sections this clot looked 
almost entirely homogeneous, and neither structure nor formed elements could be 
differentiated because of hemolysis.* 

Two reasons are advanced to c-xplain this phenomenon: one that tissue e.xtract 
or fibrinogen and hemoglobin set free by hemolysis neutralize the heparin action, 
and the otlier, dilution of the anticoagulant. According to Howell, the latter 
explanation is less probable. 


TABLE I. 


Clotting Time of Heparinized Blood in Water. 
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The Iitflueiice of Bile Salts on Clotting in the Heparinized Animal. 

For a long time it has been knomi that jaundice tends to disturb 
the dotting process of the blood. This fact was also verified by’’ Minot 
and his assodates, who found, by using Howell’s recaldfication method, 
that the coagulation time was increased in a series of cases of jaimdice. 
Haessler and Stebbins demonstrated that the clotting time of the 
blood, to which bile salts have been added, is proportional to the 
quantity of bile salts present and that tlie bile interferes with the* 
conversion of fibrinogen into fibrin and not with the formation of 

* It ■will have been observed that the tenacity of both red and white thrombi 
has varied under different experimental conditions. This may depend on variation 
in the character of the agglutination of the elements or on the amount and nature 
of the fibrin deposited. Since thrombi in vivo, imder different conditions, show 
similar variation in tenacity, the relation of these phenomena to embolism assumes 
prime importance. Pathologically the question is not only w’hy thrombi form, 
but why emboli are dislodged in some cases and not in others. In this connection 
it is to be remembered that fibrin deposited from fibrinogen in vitro by any other 
than biologic methods is not crj'stalline (Howell). 
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thrombi. To my knowledge, no one has yet investigated in vUro or 
in vivo the influences of bile salts on heparinized blood. I carried 
out some experiments with a rabbit, whose blood had been rendered 
less coagulable by intravenous injections of heparin, also some in 
vtlro with the blood of normal rabbits, to which heparin was added 
(16 mg. to each 40 cc.) and found that in both instances more than 1 
drop of 1 per cent solution of bile salts to each cc. of blood caused 
hemolysis, but no decrease of the clotting time. 

Experiments were carried out by means of the extracorporeal loop 
after the injection of heparin. Bile salts, dissolved in physiologic 
sodiiun chloride solution ( 1 or 2 gm. for each 100 cc.) were placed in 
the container surrounding the collodion tube of the apparatus, and 
also, in other cases, introduced directly into the circulatory loop 
through the rubber tube connecting the arterial cannula and the side 
tube. Thus the simultaneous influence of bile salts and of heparin 
on experimental thrombosis was observed. 

In the former case, that is with bile salts in the dialyzing container, 
so long as no coagulation or no obstruction occurred the white thrombi 
not only appeared in abundance in the venous half of the apparatus 
(the glass tube, par 2 Lffined part and collodion tube) but they grew 
more rapidly than when physiologic sodium chloride solution was 
used. Radiation, or fan formation, was less pronounced. In the 
structure of this thrombus, the platelets, of course, play a great part, 
but the role of the leucocytes as a constituent of the thrombus should 
not be overlooked. The size of each white thrombus at the end of 1 
hom- or 3 hours was many times larger than when physiologic sodium 
chloride solution was used for a corresponding period. They appeared 
as cauliflower-like excrescences. 

The thrombi obtained after injection of bile salts were also im- 
questionably larger than when physiologic sodium chloride solution 
alone was used. Furthermore, the white thrombi appeared in the 
arterial half of the apparatus, especially near the place of injection, in 
the arterial comer tube and in the arterial end of the collodion tube, 
despite the speed of the stream. The arterial comer tube was nearly 
obstmeted after 3 hours, in spite of the fact that its lumen was many 
times greater than that of the narrow part of the cannula. 

In both cases, when the solution of bile salts was placed outside of 
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the collodion tube and also when it was injected into the circulation, 
the mass of white thrombi was loose, soft and fragile, being easily 
broken up into the individual platelet thrombi. Tlicre appeared to 
be less contractility, suggesting that fibrin was absent or if present 
was abnormal or of a poor quality. Even when complete obstruction 


TABLE II. 


Size and Number 


of White Thrombi with 1 or 2 Per Cent Bile Salts Placed Outside 
of the Collodion Tube. 


Date 

No. 

Time 

Length 

Width 

No. in 
one itcld 

Remarks 

1926 



fnm. 






fnm. 



Mar. 22 

9 

3 lirs. 

0.00 

0.50 

2 

jXo obstruction 




0.50 

0.50 

3 


May 6 

22 

3 hrs. 

1.40 

1.20 

2 





0.50 

0.40 

5 





0.08 

0.10 

7 






or 






0.40 

0.20 

8 



1 


0.20 

0.20 

5 


May 13 

25 

' 4 hrs., 
20 min. 

1.40 


1 Many 

Long ranges of hillocks. No obstruc- 




1 

1 

tion because the white thrombi 
gathered mostly in tlie wide part 
of the apparatus in tlie corner tube 


June 2S 

52a 

3 hrs. 

0.10 

0.08 

hlore 

Two ranges of hillocks 






than 







20 





0.20 

0.20 






1.0 

0.8 


• 

June 28 

52b 

2 hrs., 

3.0 

4.0 


Large wln'te thrombus in die corner 



30 min. 

0.06 

0.08 


tube obstruction 


by a tlirombotic mass occurred, no clotting followed. These phenom- 
ena are in part due to the action of the heparin, but it seems reason- 
a e to consider that the bile salts also disturb the coagulation of 
heparinized blood, since sucli extreme results were not found with 
heparin alone. 
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The fact that white thrombi arc readily stimulated by bile salts 
and the red thrombi formed through the influence of bile salts are 
fragile, might explain why postoperative pulmonary embolism is 
found in a relatively large number of cases of hepatic disease and 
gall stones (Wilson). 

Tj’pical protocols from a series of experiments follow, and the 
results of the series are shoViTi in Tables 11 and III. 

Experiment 3 (Bile Salts by Dialysis). — ^Rabbit 52a weighing 1800 gm. was 
injected intravenously with 40 mg. of heparin at 12.20 p.m. At 12.40 p.m. the 
apparatus was connected and 2 per cent bile salts in physiologic sodium chloride 
solution put outside the collodion tube. The blood stream was very rapid, pulsa* 

TABLE m. 


Six and Number of Thrombi unlit 2 Per Cent Solution Bile Salts Injected into the 

Vessel. 


Date 

Ko. 

Time 

Length 

Width 

N'o. in one held 

im 


hrt. 

nm. 

nn. 


June 1 

39a 

3 

1.00 

0.80 

3 




0.54 

0.50 

2 




0.40 

0.40 

3 

June 1 

39b 

3 

0.56 

0.40 

3 




0.44 

0.40 

3 


tion of the collodion tube and the jugular vein being marked. The clotting time 
was more than 30 minutes. At 3.40 pjn. the collodion tube was removed. 
Throughout the whole apparatus many rather large white thrombi were seen, 
most of them confluent and constituting an inner coat or cast on the inner surface 
of the tubes. The individual thrombi were connected by abnormal appearing 
fibrin threads. In the collodion tube, similar conditions prevailed. There were 
innumerable small thrombi but a few were very large. The smaller types fused 
together to form the thick membrane composed of platelet clumps with numerous 
leucocytes. In one field more than twenty of the white thrombi measured 0.10 
by 0.08 min., and seven measured 0.20 by 0.20 mm. The large variety were 
many times larger than those observed in the case of physiologic sodium chloride 
solution in the heparinized animal. Microscopically large high hillocks of platelet 
clumps were seen with numerous leucocytes in them. The hillocks measured 1 0 
by 0.8 with sometimes a range of hiUocks of 0.5 mm. width with vaUe>-s 
intervening. ^ 
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Experiment 4 {Bile Sails Injected into the Arterial Side of the Apparatus ). — 
Rabbit 39a weighbg 1020 gra. was given 40 mg. of heparin intravenously at 11.30 
a.m. At 12.00 the apparatus was connected and 3 cc. of 1 per cent solution of 
bile salts was injected into the arterial side of the extracorporeal loop. At 1.00 
p.m. 1 cc. of solution of bile salts was injected in tlic same way. There was a violent 
stream and marked pulsation in the artificial vascular loop. At 2.00 p.m. 1 cc. of 
solution of bile salts was injected. At 3.00 p.m. the apparatus was detached; 
the blood in it remained incoagulable. In tlie arterial comer tube there were 
many white thrombi which obstructed the lumen. In the arterial end of the col- 


TABLE IV. 

Size and Number of White Thrombi with 1 or 2 Per Cent d-GUicosc Solution Outside 

of the Collodion Tube. 


Date 

No. 




No. in one field 

Remarks 

JP26 



mm. 

tnm. 



May 7 

23b 

Ihr. 

0.10 

0.08 

jMorc than 20 

In the figure of radiation 




0.04 

0.04 

More than 25 


June 21 

48a 

I 

3 brs. 

0.26 

0.024 

4 


June 21 

48b 

3 brs. 

0.20 



Irregular ranges of hillocks 




0.40 

0.40 






0.20 

0.20 

Many 

Radiation 

June 21 

48c 

2 hrs. 

0.10 

0.10 

12 

Radiation 

July 19 

61a 

2 hrs.. 

0.24 

0.10 

6 

[ 



30 min. 

0.12 

0.10 

5 

1 

1 

July 19 

61b 

30 min. 




Blood coagulable 

July 21 

65 

2 hrs. 

0.16 

0.16 

6 

Radiation 




0.10 

0.08 

4 



lodion tube a good many large white thrombi had gathered, almost obstructing it. 
Also, in the outer lower part and bottom of the collodion tube there were numerous 
rather large white thrombi, each hillock being high. Fem-like radiating figures 
were also seen. In one field, two or three white thrombi measured ,1.00 by 0.88 
mm., two measured 0.54 by 0.50 mm. and three measured 0.40 by 0.40 mm. 

Influence of d-Glucose. 

Changes in blood sugar content may cause only slight fluctuations 
in the clotting time of the blood. It was desirable to investigate the 
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influence of rf-glucose on thrombosis, because there is a high blood 
sugar content, not only in diabetes, but also after d-glucose has been 
introduced as a therapeutic measure. The essential data from twelve 
experiments on the effect of <f-glucose on heparinized blood in vivo 
are presented. When d-glucose dissolved in physiologic sodium 
chloride solution (1 or 2 gm. for each 100 cc.) was placed in the con- 
tainer outside of the collodion sac, numerous tiny white thrombi 
appeared in the course of time (Table IV). The size of each at any 
given time was relatively smaller than those seen with physiologic 
sodium chloride solution in the container. The thrombi in the 


TABLE v. 

Size and Number of Thrombi uiith 10 Per Cent Glucose Injected into the Vessel. 


Hite 

No. 

Time 

Length 

math 

No. in 
one field 

Remarks 

1926 



mm. 

mn. 



June 23 

SOa. 

3 hrs. 

0.08 

0.04 

lor 2 


June 26 

Sla 

3 hrs. 


0.06 

9 


June 26 

51c 

3 hrs. 



1 or 2 


June 26 

51b 

30 min. 

No th 

1 

rombi 


Obstruction of carotid artery 

June 23 

50b 

1 hr.. 


3.0 


Red cell clumps and clot 



5 min. 

1 





collodion tube tended to assume radiating figures in the majority 
of cases. They were composed chiefly of platelets, and, on and around 
them, there were in the earlier period a very few leucocytes but in the 
later stages a considerable number. Even in an experiment of three 
hours duration obstruction and consequent stopping of the Stream 
was rare, even though, in the constricted part of the cannula, and 
under certain conditions elsewhere, the thrombi congregated, making 
rather a loose mass which could be broken easily; fibrin formation 
seemed to be delayed and abnormal or poor, while with physiologic 
sodium chloride solution, despite ample action of the heparin fibrin 
did appear in rather a short time, and contributed to the obstiiction 
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Despite these changes, tlie <f-glucose did not appear to shorten the 
dotting time of heparinized blood. 

When the <f-glucose solution (10 per cent) was injected into the 
artificial drculatory loop through the gum tube between the arterial 
cannula and side tube, white thrombus formation was rather rare 
throughout the apparatus (Table V). These findings suggest that 
h 3 rpertonic sugar solution tends to make platelets and leucocytes 
conglomerate less readily; hence the thrombotic elements do not 
precipitate readily nor adhere to the vessel wall so that they are 
carried away. These results were constant for the series of experi- 
ments although they are difficult to explain at present. 

Influence of Calciinn Chloride. 

The exact significance of calcium in fibrin formation is still unsettled. 
Blood from wliich the caldum has been precipitated by oxalate or 
dtrate will not coagulate, but the addition of calcium salts will 
promptly cause it to coagulate. As to the influence of calcium on 
blood clotting, the hypothesis usually accepted is that caldum ions 
are necessary for the transformation of prothrombin into thrombin. 
Howell considers that no kinase is necessary, the calcium activating 
the prothrombin whenever it is not inhibited by heparin. On the 
other hand, it is known that the presence of caldum in high concen- 
tration in the blood prolongs the coagulation time (Freund, Rosen- 
mann and Loewenstein, and others). 

Furthermore, Howell and Holt state that no amount of caldum 
causes clotting of heparinized blood, shoVung that the heparin does 
not act by decaldfying the blood. Considering the various roles of 
calcium, such as the calcification of vessels, the field of blood dotting, 
or its wide intravenous use therapeutically, it is of considerable im- 
portance to investigate the influence of calcium on extracorporeal, 
thrombosis. Therefore, eight experiments were performed after 
the preliminary injection of heparin. 

Experiment 5 . — ^Rabbit 26 weighing 1950 gm. was given 40 mg. of heparin 
intravenously at 1.30 p.m. The apparatus was connected at 1.40 p.m. and the 
collodion tube surrounded with 1 per cent of calcium chloride in physiologic 
sodium chloride solution, kept at body temperature. The blood stream had been 
kept vigorous by twice removing the obstruction of the venous cannula. At 
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TABLE VI. 


Size and Number of Thrombi uilh 1 Per Cent Solution of Calcium Chloride Placed 
Outside of the Collodion Tube. 


Dite 

No. 

Time 

Length 

Bldth 

Xo. In 
one field 

Remirlu 

im 




rtn. 



Mar. 11 

4a 

4hrs. 


Within 30 min. obstruction and sedi- 




covered by red 

mentation (4 hrs. and 20 min. after 




clot 



50 mg. heparin injection); clotting 
time 5 min. 

Mar. 12 

5 

2 hrs., 

0.30 

0.24 

5 

Obstruction one time; removed 



10 min. 


0.12 

S 

Fibrin network 

Mar. IS 

6a 

30 min. 


0.14 

2 





0.10 

0.06 

15 


Apr. 25 

13b 

30 min. 


0.06 






0.08 




May IS 

26 

3 brs. 

5.00 

l.S 


Thrombus 1 mm. thick. Venous can- 





1.20 


nula cleaned up twice as obstruction 




1.20 

1.00 


occurred 





0.30 






0.14 

0.12 




TABLE VII. 


Size and Number of Thrombi utith Hourly Injections of 2 Per Cent Solution of 

Calcium CMoride. 


Date 

No. 

Time 

Length 

Width 

No. in 
one field 

Kemaxks 

1926 


hrs. 

mm. 

mm. 



June 4 

41a 

3 

1.10 

0.40 

4 





0.16 

0.12 

15 


June 4 

41b 

3 




All over the apparatus white thrombi 
causing obstruction, followed by red 
thrombi. 6 hrs. and 30 min. after 50 
mg. heparin (1600 gm. body weight) 
injection, the clotting time was 5 min., 
but 20 min. later it was 2 min 
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4.40 p.m. the stream was still violent; the clotting time in vitro was more than 30 
minutes. The apparatus was disconnected. White thrombi in the tubes were 
very large and numerous (Table Yl), especially in tlie venous half of the apparatus. 
The venous corner tube was tliickly coated. The collodion tube cohtained large 
white tlirombi in its venous half, while there were very few in the arterial half. 

ExpcrivKul 6 . — ^Rabbit 41a weighing 1600 gm. was given intravenously 50 mg. 
of heparin at 11.00 a.m. At 11.20 Uie whole apparatus was connected, and the 
collodion tube surrounded witli physiologic sodium chloride solution, kept at body 
temperature; 2 cc. of 2 per cent solution of calcium chloride was injected very 
slowlj’’ into the annular circulation through the rubber tube, which unites the 
arterial cannula and the arterial side tube; after tliat 1 cc. of calcium solution was 
injected every hour in the same way. B 3 ' 11.40 a.m., from the place of the in- 
jection down to the venous corner tube, numerous white tlirombi had appeared; 
the stream was still vigorous. At 2.40 p.m., after 3 hours, the blood remained 
non-coagulable; the circulation had not been impeded. 3 hours after connection, 
the apparatus was detached; in the paraffined tubes a goodly number of large 
white thrombi adhered to the inner wall, making a thick coat (Table VTI). Never- 
theless, there remained a tin}' tunnel through whicli the blood had been steadily 
circulating. In tlie collodion tube, white thrombi were connected with one 
another irregularly. 

\Vlien the collodion tube of tlie apparatus is surrounded by calcium 
chloride in physiologic sodium chloride solution (1 or2gm. calcium chlo- 
ride to 100 cc. physiologic sodium chloride solution) and at body tem- 
perature, the white thrombi appear chiefly in the venous half of the ap- 
paratus (the paraffined part of the glass tube and the collodion tube), 
and as long as the incoagulable blood flows, thrombi grow rather more 
rapidly than when physiologic sodium chloride solution is in tlie 
container; and the narrow part of the venous cannula is easily ob- 
structed by masses of white thrombi, made up of clumps of platelets 
and leucocytes, interw'oven by fibrin tlireads; the thrombi are not so 
fragile as when bile salts or J-glucose solutions are used. Sedimenta- 
tion of erythrocytes readily follows, and fibrin seems to form easily. 
When the obstructing plug of the narrow part is removed as formed, 
the thrombi in the venous corner tube and collodion sac develop 
more speedily than in the case of sodium chloride solution and in the 
course of 2 or 3 hours the lumen of the corner tube which is many 
times -wider than that of the narrow part of the cannula, is nearly 
obstructed by a thick coat. Otherwise on account of the prompt 
plugging of the narrow part, a further supply of hematogenic throm- 
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boUc elements is lacking. As a result in the collodion tube, small 
white thrombi form, which are almost always covered by sedimented 
erj-throcj'tes. Similar findings are encountered when 2 per cent 
calcium chloride solution is injected into the circulation. 

Ejjccts of Magnesium Sulfate on Extracorporeal Thrombosis. 

The foregoing experiments probably shed some light on the problem 
of thrombosis; however, the ultimate object of these investigations was 
the prevention of thrombosis, especially of postoperative pulmonary 
embolism. For this purpose no special prophylactic methods are 
commonly adopted. On the basis that the slowing of the blood stream 
probably constitutes one of the most important causes, exercise and 
movement of the extremities, and massage have been advised by some 
in order to accelerate the rate of circulation. Similarly, desiccated 
thr^'oid has been employed by Walters. 

Mason’s attempts to protect experimentally against intravascular 
clotting with heparin are praiseworthy. But, as my numerous ex- 
periments show, the formation of white thrombi on the pathologic 
lining of the vessels was not prevented by a single dose of the heparin 
employed. The experiments with the injection of hypertonic d- 
glucose solution suggest that the introduction of hypertonic solution 
into heparinized blood will tend to combat white thrombus formation. 
Magnesium sulfate also comes into consideration. It has been 
employed by Fonio in an indirect method of counting blood platelets, 
to protect against the cohesive properties of the platelets. Some 
authors believe that there is a close relationship between the earlier 
stages of thrombosis and agglutinability of platelets. Recently, 
Hans Schulte investigated the influence of hydrogen ion concentration 
on agglutination of isolated blood platelets over a period of 12 hours, 
and reported that it is most marked at a pH of 4.3 to 3.5. He could 
recognize no influence of sodium chloride and calcimn on the process. 
On the other hand, the results of my studies on experimental throm- 
bosis show that calcium chloride solution seems to stimulate the 
appearance and development of white thrombi. One might expect 
some relationship between the presence of calcium chloride in the 
blood and the development of white thrombi. If, from the colloid- 
chemical viewpoint, the thrombus formation is closely related to the 
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agglutination of platelets as colloidal precipitation, magnesium ions 
and other bivalent positive ions should precipitate the platelets in 
the same way as calcium docs. Thus the influence of magnesium 
sulfate on thrombosis would appear to be interesting and perhaps of 
considerable significance. One protocol will suffice. 

Experiment 7 . — Rabbit 38 weighing 1010 gm., was given 40 mg. of heparin 
intravenously at 10.25 a.m. At 11.10 a.m. the apparatus was connected and the 
collodion tube surrounded by 1 per cent magnesium sulfate in physiologic sodium 
chloride solution. During 3 hours tlierc was a \iolcnt stream and marked pulsa- 
tion in the collodion tube and jugular vein. Clotting time was more than 30 
minutes. There was no clotting or obstruction. At 2.10 p.m. the apparatus 
was detached; there were verj'^ few tiny white thrombi in the arterial comer tube. 
In one place in the upper part of tlie venous half of the collodion tube an occasional 
tiny white thrombus was seen, which microscopically consisted of platelets; on 
each of the thrombi a few’ scattered leucocytes were recognized. Of twelve 
thrombi in one field, ten measured 0.08 by 0.04 mm., and two measured 0.10 by 
0.06 mm. 

From four experiments it was concluded that when the collodion tube was 
surrounded with 1 per cent solution of magnesium sulfate only a few small white 
thrombi appeared in the arterial half of the apparatus, while in the venous half 
very few or no white thrombi w’ere formd even when the rate of flow w’as slow 
enough to favor adequate formation of thrombi. In the collodion tube, which 
is the lowest and widest part of the circulatory loop, small white thrombi, often of 
microscopic size, were seen after 3 hours. The total number of such thrombi w’as 
very small in comparison with other experiments. Throughout a 3 hour experi- 
ment no obstruction had occurred, neither did any thrombi adhere to the glass 
cannulas. The action of magnesium sulfate on thrombosis is different from the 
action of calcium chloride. Magnesium appears to protect definitely against 
thrombosis, probably by the precipitation of small amounts of calcium as calcium 
sulfate. 

The influence of the intravascular injection of magnesium sulfate solution was 
next examined. In two experiments the effect of the intravenous injection of 
magnesium sulfate solution (SO mg. for each kilo of body w’eight an hour) was tried 
without the use of any other anticoagulant. The coagulation time of the blood 
was increased from two to three times normal and thereby clotting in the artificial 
vascular loop was prevented for from 25 to 30 minutes. White thrombus forma- 
tion was markedly reduced. Thin layers of blood clot were observed in the 
collodion tube, and mixed thrombi formed on the irregular surfaces of the ap- 
paratus and also in the jugular vein. The venous cannula, and a little later the 
arterial cannula, were finall}’ obstructed by small masses of white thrombi and 
fibrin. Despite this, most of the blood in the loop remained fluid. 
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In the next set of six experiments, the intravenous use of a combina- 
tion of magnesium sulfate and heparin yielded still more interesting 
results. 

Experiment 5.— Rabbit 7 -weigbing 2250 gm., was given 20 mg. of heparin in- 
travenously at 3.30 p.m. At the same time 1 cc. of 10 per cent magnesium sulfate 
was administered intravascularly into the ear vein. At 4.00 p.m. the apparatus 
was connected and the collodion tube surrounded by physiologic sodium chloride 
solution of body temperature. At 4.30 p.m. 1 cc. of 10 per cent magnesium sulfate 
solution was injected intravenously, and at 6.30 p.m. 1 cc. was again injected 
intravenously. At 7.00 p.m., after 3 hours e.Tperiment, the streaming was vigor- 
ous; no thrombi were recognised anywhere. The apparatus was detached. In 
the collodion tube and glass tubes no thrombi were found, even by microscopic 
examination. The clotting time of the blood was more than 30 minutes. 

WTien a large quantity of 10 per cent magnesium sulfate solution 
was injected into the annular circulation, or introduced into the 
general circulation, after intravenous administration of heparin, no 
thrombi appeared for a certain period in any part of the apparatus. 
\\Tien physiologic sodium chloride solution was used around the out- 
side of the collodion tube, without injection of magnesium solution, 
white thrombi appeared in 15 minutes in the venous comer tube; 2 
cc. of 10 per cent magnesimn sulfate solution to 2250 gm. of body 
weight protected against the occmrence of the first stages of throm- 
bosis for a period longer than 3 hours; 3 cc. of the solution to 2100 
gm. of body weight for longer than 6 hours. A few platelet clumps 
were formed despite the action of magnesimn, and sometimes they 
appeared in the narrow part of the venous cannula, constituting a 
kind of dam. But when 1 cc. of 10 per cent solution of magnesium 
sulfate was injected every hour into the circulation of the rabbit, no 
thrombi appeared. Besides, throughout the experiments, neither 
obstruction of the drculation nor hindering of the action of heparin 
has been observed. 3 cc. of 10 per cent solution of magnesium sulfate 
to 2100 gm. of body -weight appears to be almost a lethal dose. This 
toxicity is at any rate a weak point from the standpoint of rlimV? ! 
application, even though magnesium sulfate solution can prevent 
the first stages of thrombosis. 

Effects of a ComUnation of Magnesium Sulfate and Bile Salts.— In 
order to see the antagonistic action bet-ween magnesium ions and bile 
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salts, a series of experiments was performed. When the magnesium 
sulfate solution, in four experiments, was placed outside of the collo- 
dion tube, despite intravascular injection of bile salts, no tlirombi 
appeared in the collodion tube, or if they did, they were scarce and 
very small. It appears certain that magnesium ions went through 
the membrane into the circulation, and acted on the platelets and 
leucocytes in such a manner that the cellular thrombotic elements, 
passing dovrn along the wall of the sac, were rendered less prone to 
agglutinate, and were carried awa)’- before they were precipitated, 
also the magnesium sulfate may act to destroy the platelets, ^^^len a 
solution of bile salts surrounded the collodion sac and magnesium 
sulfate solution was injected into the circulation, the formation of 
wliite thrombi was undoubtedly retarded to a certain degree, in regard 
to number and sme, in spite of the stimulating action of bile salts. 
This suggests that magnesium sulfate in small amounts will prevent 
thrombotic elements, especially platelets, from adliering to a patho- 
logically changed vessel wall, partially owing to the platelet-destroy- 
ing action of magnesium. Tliis may serr^e to prevent thrombus 
formation. Possibly the phenomena may be ascribed to changes in 
surface tension. 


CONCLUSIONS. 

1. Distilled water dialyzes through tlie collodion tube and causes 
hemolysis. Clotting of tlie hemolyzed blood in the collodion tube 
occurs later. 

2. Bile salts accelerate the appearance and development of white 
thrombi in the heparinized animal. The masses of white tlirombi are 
very loose, soft, fragile and easily broken into clumps of platelets. 
They are poor in fibrin or the fibrin is abnormal, since they have less 
retractility than those obtained from tlie use of physiologic sodium 
cMoride solution or calcium chloride or serum. Despite the increase 
in number and size of wliite tlirombi, normal clotting does not occur. 

3. When the collodion tube is surrounded by 1 or 2 per cent i/-glu- 
cose solution, tiny and numerous white thrombi appear as radiating 
figures. The masses of white tlirombi are rather loose and fragile. 
The clotting time of tlie heparinized blood does not appear to be 
shortened. 
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4. WTien a 1 to 2 per cent solution of calcium chloride is used as the 
dialyzing fluid outside the collodion tube, or when it is injected into 
the circulation, the formation of white thrombi is accelerated. They 
grow very rapidly. In spite of the action of heparin, the white thrombi 
formed are not so fragile as when bile salts are placed outside of the 
collodion tube. Fibrin seems to form easily. Obstruction of venous 
cannula takes place speedily and if the clots in the cannula are not 
removed, the white thrombi in the collodion tube remain small and 
become red by sedimentation of red cells. 

5. Intravenous use of 10 per cent solution of magnesium sulfate 
without heparin retards the coagulation of circulating blood and 
permits the blood to flow through the extracorporeal loop from three 
to four times as long as normal. The formation of white thrombi, 
as well as red, is retarded. Magnesium sulfate (1 per cent) in physio- 
logic sodium chloride solution placed outside the collodion tube 
markedly retards the formation of white and red thrombi in the 
heparinized animal. Magnesium sulfate (10 per cent), SO mg. for 
each kilo of body weight each hour, administered intravascularly in 
the heparinized animal definitely prevents the first stages of throm- 
bosis, and consequently prevents dotting. 

6. It is possible by the combined use of adequate amounts of 
magnesium sulfate and of heparin intravenously to prevent aU stages 
of thrombus formation for from 1 to 3 hours. 




STUDIES IN EXPERIMENTAL EXTRACORPOREAL 
THROMBOSIS. 

\T. Certain Technical Modieications in Methods of Study. 

♦ 

Bv WALTER R. JOHNSON, M.D.* 

(From The Mayo Foundation, Rochester, Minnesota.) 

(Received for publication, August 27, 1927.) 

In the first paper of this series, a method for the study of extra- 
corporeal thrombosis was presented by Rowntree and Shionoya. The 
technic outlined by them was followed closely by Shionoya in all of 
his subsequent experiments, as reported in Papers 11, HI, IV and V. 
Later the problem was approached from a somewhat different angle, 
and it was found desirable to modify the original technic. The dis- 
cussion of such modifications and extensions forms the basis of this 
report, 

Paraffin-Coated Apparatus. 

In the original method a portion of the apparatus was coated with 
melted paraffin, but the cannulas and the rubber collars were left 
with clean uncoated surfaces. In control experiments with tbk 
technic the flow through the apparatus persisted only for from 6 to 10 
minutes (rarely 25 minutes if animals were exceptionally large and 
vigorous), before occlusion of the lumen occurred. It was thought 
that complete coating of all parts of the apparatus except the collo- 
dion membrane might yield results of interest. To this end, the six 
glass sections and the four rubber collars wefe assembled and dipped 
into melted paraffin, before the collodion tube was attached. The 
paraffin was cooled carefully in order to obtain as smooth an inner 
lining as possible. 

With such preparation of the apparatus, the flow of blood through 
the loop could be maintained with ease in normal animals for from 2 
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to 5 hours instead of from 6 to 10 minutes, a striking demonstration 
of the important part played by physical variants in thrombosis. 

The explanation of this tremendous increase in the duration of flow 
was not far to seek. With the original technic the glass side tubes 
were coated with paraflTm and then inserted into the uncoated rubber 
collars until the ends met. If it were possible to secure a w'ater-tight 
joint by this means such a procedure would be as effective as the coat- 
ing of tire apparatus with paraffin in the assembled state. However, 
this w^as not possible, since the ends of the tubes were not ground to 
fit closely. Thus, when blood passed from one paraffined tube into 
the next a portion of it came in contact with the surrounding rubber 
collar and, this being an unparaffined (“watcr-wettable”) surface it 
facilitated the attachment and disintegration of platelets witli the 
consequent formation of a thrombus at this point. Furthermore, 



Fig. 1. Sagittal section through joint of extracorporeal loop (early te6hnic). 
a, point at which blood came into contact with unparaffined rubber collar. 


since at this juncture the lumen of the apparatus expanded suddenly, 
eddies were formed, thus fulfilling another prerequisite for the forma- 
tion of thrombi (Fig. 1), When one considers that there were four 
such points in the original apparatus and that the surfaces of the two 
cannulas also were clean and unparaffined, it is not difficult to under- 
stand how thrombi could obstruct the lumen in one of these areas 
within 10 minutes in the normal animal. 

If one is studying the duration of flow with and without anticoagu- 
lant substances (as did Shionoya) the original technic is far better 
than the modification since it yields more contrast in results and 
permits the comparative study of duration of flow through the ex- 
tracorporeal loop. If, on the other hand, one wished to follow, 
microscopically, the process of thrombosis, the newer method is 
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preferred since it allows adequate time for detailed study of the early 
stages of thrombosis. 

Size of Collodion Tube. 

The collodion tubes used in the first method were 7.5 mm. in 
diameter and the inside diameter of the glass tubes was but 2.5 mm. 
Thus, the lumen was suddenly expanded to three times its prewous 
size as the blood left the arterial comer tube and entered the collodion 
tube. The formation of eddies was marked and the speed of the 
stream was profoimdly decreased. As a result the deposition of 
platelets and the formation of obstructing thrombi were correspond- 
ingly hastened. The large membranes, too, assumed wrinkles of 
considerable size at points of attachment, another factor predispos- 
ing to early thrombosis. 

In a later study, tubes just large enough to slip over the ends of the 
glass tubes were utilized. The pulsation in these is less marked, a 
factor worthy of attention in microscopic observations, and there is 
less tendency to early obstruction since the blood current is more 
rapid and forcible when the diameter of the lumen is decreased. 

Direct Microscopic Observation of Thrombus Formation. 

A microscope and a carbon arc lamp have been added to the appara- 
tus, making it possible to follow the course of events in the transparent 
collodion tube throughout the experiment. Using the low power 
objective as a water immersion lens, the surface flow of blood in the 
tube can be distinctly seen as well as the gradual formation of white 
thrombi from their earliest stages. Vital stains have been utilized 
in this connection. 1 per cent methylene blue introduced into the 
circiflation is taken up by the platelet thrombi, and thus they are 
outlined clearly against the prevailing red backgroimd. 

Rapid Method of Permanent Staining of Thrombi on the Collodion 

Membrane. 

4 

As was stated in Paper I, the membranes may be “observed directly, 
or studied rmder the microscope with or without the aid of special 
stains; or the specimen may be prepared and embedded in paraffin for 
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section staining and ordinarj^ pathologic study.” The latter method 
was used as a routine since it 3 delded permanent specimens. It 
possessed, however, outstanding disadvantages; the time element was 
considerable as the sections went through the busy routine of the 
pathologic section, and unless there was a considerable mass of 
thrombi on the membrane the vertical section would show practically 
nothing. For a study of the early stages of the formation of thrombi 
on the membrane, this method wms wholly inadequate. 

To supplement the direct observations through the low power of the 
microscope, it w'as desirable to study tlie membranes with counter- 
stains, and the higher magnifications. It was found difficult and 
unsatisfactory to do this while tlie membrane w'as attached to the 
apparatus. Attempts were then made to stain the tubes immediately 
following removal from the loop. After considerable experimentation, 
a satisfactory metliod was devised for staining and observing the 
minute details of early thrombosis on the surface of the membrane. 
The tube is washed gently in 0.9 per cent sodium cliloride solution 
immediatel}' after its removal from tlie apparatus and segments 
about 1 cm. square are clipped out. Some of these small portions 
are fixed in the vapor of 1 per cent osmic acid. A few drops of dilute 
ether-alcohol-collodion solution are placed on’ a clean glass slide and 
the membrane specimen dried quicklj'^ on the outer surface with a 
blotter or soft cloth. Then before the collodion solution has dried 
the membrane is placed on it (with the thromboplastic elements 
uppermost) and gently flattened. The preparation is allowed to 
dry for a few seconds and is tlien placed in distilled water for from 
2 to 3 minutes. If tlie membrane does not wash off in the water, it 
probably will adhere to the slide during the staining process. The 
slide is then run through a hematox 3 din-eosin-alcohol series and 
finally through carboxylene and xylene exactly as though it were a 
paraffin section. It is mounted with Canada balsam under a cover 
slip. The entire process occupies onl}'^ from 15 to 20 minutes, and 
several sections ma)'^ be prepared at the same time. 

With this metliod membranes can be removed from the extracor- 
poreal loop after but a few seconds or minutes of flow and the individual 
platelets which are attached can be studied long before a tendency 
toward grouping is manifest. Serial sections are also possible and 
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thus the gradual gro'W'th of a thrombus from the first tiny clump of 
platelets to the leucocyte, fibrin and red cell stage may be foUov/ed 
and preseiA’ed in permanent sections. These sections are really 
bird’s-eye pictures of the progress of events on the surface of the 
membrane, and supplement adequately the observations made 
directly with the arc lamp and low power objective during the course 
of the experiment. * 



Fig. 2. a, piston moving outward (opposite b) and current throu^ 6', while 
a' is closed by valve, b, method of attachment of extracorporeal loop to intake 
and discharge pipes (o' and b') of Woodyatt pump. Piston moving into cylinder — 
current through o' while 6' is closed by valve. 

Artificial Heart. 

The extracorporeal loop, minus the cannulas but supplied -with an 
expansion chamber, was attached to the two valves of the Woodyatt 
pump. All surfaces were carefully coated -witii paraffin so that at 
no point would the contained blood come into contact with a water- 
wettable surface. Whole blood was run directly into the apparatus, 
from a greased cannula in the carotid artery of a rabbit. The motor 
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was Started immediately and a continuous flow of blood through the 
loop was obtained. Thrombus formation in tlie collodion tube pro- 
ceeded at the same rate as in the normal animal, but the thrombi were 
laid down in longitudinal streaks because of the absence of eddies. 

The alternate suction and expulsion of the single cylinder of the 
pump imparted an intermittent motion (stop-flow-stop-flow) to the 
blood in the apparatus. The expansion chamber overcame this 
disadvantage to a certain extent and a fairly continuous flow was 
finally obtained. Edd}’’ formation being minimal because of the slow 
speed of the stream, white thrombi (and later, fibrin) were laid down 
in longitudinal striations, instead of in the usual manner. Tliis is 
another confirmation of the importance of eddy formation in the 
growth of thrombi (Fig. 2). 

Platelet-containing o.xalate plasma was used in the same manner; 
on recalcification some platelet deposit and fibrin formation was 
evident. Since the staining method had not been worked out at this 
time, no microscopic studies w^ere possible. 

Additional Modifications. 

Instead of the test-tube dialyzing jacket originally used, a small 
chamber 2.5 by 7.5 by 1.7 cm. made of glass cemented with balsam 
has been substituted. This chamber is more stable, holds more fluid 
and permits agitation of contents while dialyzing experiments are 
carried on. It is also better adapted for use when direct microscopic 
observations are being made. 

In the selection of arterial cannulas, it is W’^ell’to use tlie largest one 
which can be slipped into the vessel. As has been shomi "elsewhere, 
the more the cannula is constricted the more easily do obstructing 
thrombi form. 

The medial branch of the external jugular vein of the rabbit possesses 
a valve system near the point of juncture which prevents reflux of 
blood into this branch. Consequently when the vein is ligated above 
this point it promptly collapses and it cannot be refilled except from 
above. It may be incised and a cannula inserted, without the necess- 
ity of clamping, since there is no loss of blood. Thus unnecessary 
trauma to the delicate intima is averted and the formation of thrombi 
in the vein practically ceases to be a consideration. 
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CONCLHSIONS. 

As the result of these modifications, many of "which in themselves 
may appear trifiing, the course of events in the extracorporeal loop 
is greatly affected. WTiite thrombi, it is true, are laid down in from 
10 to 20 minutes, but the formation of fibrin sufficient to cause ob- 
struction is prevented for 3 hours or more. Thus, the observations 
in normal animals tend to approach those described in Paper HI, 
after the use of anticoagulants such as heparin and hirudine. The 
new technic offers certain advantages in the study of the details of 
the early stages of thrombosis. 




THE IvIECHANISM OF THE INFLAIvEMATORY PROCESS* 

I. The Electrophoresis of the Blood Cells of the Horse and 
Its Relation to Leucocyte Emigration. 

By HAROLD A. ABRA2kISON,t M.D. 

(From the Kaiser Wilhelm Institute for Physical Chemistry and Electrochemistry, 
Berlin-Dahlem, Germany!) 

(Received for publication, July 6, 1927.) 

The present status of the relationship betiveen the electrokinetic 
potential of leucocytes and the potential differences existing between 
injured and uninjured tissue zones, points to a situation which is not 
alone unsolved quantitatively but also qualitatively; but its solution 
presents, perhaps, a hopeful answer to the question of leucocytic 
migration in response to injury. 

HISTORICAL. 

Dineur (1) (1893) seems to have been the first investigator who attempted to 
study the electrical charge on white blood cells. He placed platinum wires that 
had been sealed into glass capillaries into the normal and inflamed peritoneal 
cavities of the frog. Leucocytes tended to enter the capillaries in the absence 
of a current. In normal frogs, upon the passage of a current, more leucocytes 
went to the anodal capillary, but just the reverse occurred in frogs with peritoneal 
exudates. In the latter, the leucocytes seemed to be positively charged, wandering 
in greater nmnbers to the cathode. From that time until the present no work 
has apparently been done which defines quantilalhely the speed of leucocytic 
migration and a possible f potential. Further, the conditions of the previously 
undertaken investigations have been so ill defined according to our present knowl- 
edge of the behavior of charged colloidal particles, that the investigators’ state- 
ments seemingly disagree even as to whether leucocytes wander to the anode or 
to the cathode. 

Lillie (2) (1903) studied the white blood cells of the frog suspended in isotonic 

* Unless otherwise stated in this and the following papers, the word “inflamma- 
tion” is used in a strictly limited sense; i.c., the wandering of a white blood cell 
to a point of injury. 
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sugar-NaCI solution. Under these conditions it was found that lymphocytes 
wandered to the anode; the pol>TnorphonucIcar leucocytes to the anode or 
cathode, or even remained stationary'. Hober (3) the following year maintained 
that frog leucocytes were negatively charged. In 1914, Schuy’zer (4), over- 
looking the definite results of Lillie and Hober, stated that the work of Dineur 
was untrustworthy', and that his oum efforts to produce cataphoresis of Icucocy'tes 
in tissues were unsuccessful. Scliwyzer, however, was the first to hint that 
electrical differences of potential may' play' a part in producing the appearances 
of inflammation. He states: "Der Weg zur Emigration wird durch die Elektro- 
nenstrome angcdcutet, und die Pscudopodicn werden durch diese Strome in der 
schwachsten StcUe der IMembran [capillary' wall] gcrichtet. Die Leucocyten- 
wanderung im Gewebe wird also chcmotahtisch aufgcfasst, konnte aber auch 
durch lonenwirkung erkliirt warden.” Mendelssohn (5) observed that leuco- 
cytes wandered to the cathode. The work done by' Hober and his coworkers 
later leads him to state (6): “Dies hangt damit zusammen, dass nach dor Kata- 
phoresegeschwindigkeit und nach dcr Entladbarkcit mit La+++ beimteilt, das 
f potential der Leucocyten nur schwach, negativ, null, oder schwach positiv ist.” 
Ehasoph (7) found that gelatin suspensions of leucocy’tes wandered to the plati- 
niun anode, and that if the electrodes were buried in splenic tissue, there was also 
anodal migration. Unfortunately', non-polarizable electrodes were not used by 
Eliasoph. Feringa (8) (1922, 1924) mentions qualitative experiments with 
rabbit and other white cells. He found them to be negatively charged, but no 
quantitative data are given concerning speed or potential. Feringa states that 
lymphocytes do not move as quickly as leucocy'tes cataphoretically'. This will sub- 
sequently' be shown to be probably' a misinterpretation. This author, agreeing with 
Schwyzer, believed that the potential difference between injured and uninjured 
tissues caused leucocy'tic migration to a point of injmry', the basis of this taken 
as pH changes. His observations that leucocytes in general move with ameboid 
movements toward the anode on an agar floor had not been noted by Abramson (9) 
on a glass floor for a small potential difference. However, studies on the floor 
of an electrophoresis chamber are complicated by at least the following: (1) the 
nature of the floor and its influence on the particle itself; and (2) the fact that the 
suspending medium is also charged relative to the floor. In general, alkaline 
fluids near the floor of a cataphoresis chamber are positively charged and move 
toward the cathode. Before one can state, therefore, that ameboid motion is 
influenced by an electric current, it must be ascertained whether leucocy'tes 
would migrate against a moving stream of fluid as occurs in the instance of 
spermatozoa which move against the cih’ary stream in the ducts of the female 
generative' organs. 

Abramson (9, 10) during the same year (1924) published studies on 
human lymphocytes suspended in serum. He found human lynnpho- 
cytes to be definitely negatively charged and estimated the mean 
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cataphoretic velocity (C.V.) semiquantitatively at 0.3^ per volt per cm. 
per sec. Further, IjTuphocytes kept on ice during a period of 30 hours 
did not appreciably alter the speed of migration. The work on human 
lymphocytes was undertaken in order to test a hypothesis then pro- 
posed which attempted to correlate quanltialhely the order of magni- 
tude of the potential differences in injured tissues and the speed of 
white cell cataphoresis fsee Fig. 2). The researches of Du Bois- 
Reymond (11), Biedermann (12), and Hermann (13) pointed to the 
fact that negative electricity could be conducted from injured tissue 
surfaces. Potential differences between injured and uninjured sur- 
faces up to about .1 volt had been recorded. With this in mind, it 
seemed possible that the border of a zone of injury relative to the 
comparatively iminjured cells, capillary wall, and blood stream could 
be positively charged. As the surrounding tissue and tissue fluids are 
conductors, a continuous current must flow between uninjured and 
injured tissues, the energy coming from the metabolic changes inci- 
dental to injury. It was then shown that the order of magnitude of 
the potential drop between uninjured and injured tissues was probably 
the same as that necessary to cause white blood cell migration as far as 
lymphocytes were concerned. That this is also true for polymor- 
phonuclear leucocytes as well will be shown in this communication, 
and data will be presented concerning the absolute velocities of horse 
polymorphonuclear leucocytes and lymphocytes in plasma and serum. 
Observations also have been made concerning cataphoresis in geb and 
their viscosity. The significance of these data in relation to the 
inflammatory process will be demonstrated. 

Methods. 

The method in detail of determination of the C. V. of cell migration is pre- 
sented elsewhere in connection with the more physical aspects of the present 
studies (14). In brief, a microscopic method, similar to that used by Northrop 
(15), was employed which permitted fairly accurate measurement of red cell 
velocity at different levels in the cataphoresis chamber. From these data the 
velocity of the medium, V„, in a given level of the cell could be calculated. The 
actual velocity of the white cells, V, is then, 

V = Vo -V„ 

where ¥„ is the observed velocity in the particular level. The potential drop in 
the cell during the measurements was usually of the order of 15 volts per cm. 
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The Calculation of f Potential and the Viscosity of the Suspending 

Medium. 

As is well known (16) the flow of certain colloidal solutions through a 
capillary, in particular tlie Ij'opliilic sols, docs not follow the Poiseuille 
formula. That is, with different pressures exerted on the moving 
column, different values of “viscosity” are obtained. The smaller 



Fig. 1. The C. V. of red cells in plasma is proportional to the applied p. d. 
The same linear relationship e.xists for sermn. 

the pressure, the greater is the “elasticity” of the solution. Blood 
shows this elastic effect to a slight degree. 

HKt 

From consideration of the Helmholtz-Lamb equation, v — 

( V = velocity, K = dielectric constant of the medium, E = po- 
tential drop per cm., f = electrokinetic potential, t; = viscosity) 
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(all umts are electrostatic), it follows that in a system where the 
elastidty of the me^um could Innder migration, v would not be pro- 
portional to S. 

Fig. 1 shows that marked differences in E produce a particle velocity 
which follows the conventional Helmholtz-Lamb equation, and con- 
sequently demonstrates that imder these conditions plasma and serum 
have no “ elastidty. ” Accordingly taking the value of .02 for 85 for 
iv (Filrth), and the observed values for the other factors, it follows 
that for a drop in potential of 1 volt per cm. at 18° the electrokinetic 
potential 

_ 4 X 3.14 X .02 X (300) » 

85 

= (26.5 X velocity in /i per sec.) millivolts. 

Evidence has also been obtained by Freundlich and Abramson (14) 
that the migration of the miceUse of certain “elastic” gelatin gels 
has the same speed in the gel that is found in the sol. In this in- 
stance, a linear relationship between E and C.V. has also been found. 
This strongly suggests that extremely small differences of potential 
easting in tissues could produce partide migration even though a 
viscous gel-like medium was present. 

T/ie Electrophoresis of Erythrocytes. 

Plasma suspensions of leucocytes and red cells were obtained by 
oxalatmg 1 litre of freshly shed horse blood with 8.5 cc. of the saturated 
solution of the potassium salts. Table I gives the C.V. of red cells in 
plasma obtained from seven different horses. The mean value .98 n 
per volt per cm. per sec. for plasma agrees quite well with the mean 
value, l.Ol/i per volt per cm. per sec. obtained in serum from ten 
other horses. The data for serum" are published elsewhere (14). 

1 The viscosity of serum is actuaUy 5-10 per cent lower than that of plasma. 
This difference is here neglected. 

® The data for serum include studies made on aggregates of red cells and red 
ceU rouleaux. It was found that the C. V. of different shaped aggregates 
were identical with one another and with single cells. The significance of ^ese 
facts is discussed (14). 
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Keeping the cells on ice during a period of 3 days or less did not change 
the C.V. It may be recalled that the isoelectric point of fibrinogen 
is in the region pH 8.0. Plasma contains .1 to .4 per cent of this 
protein. The isoelectric point of the other proteins present is in the 
region pH 5.0. As the isoelectric points of the proteins influence the 
potential, different C.V. could have been expected from plasma 
and serum cell suspensions. 


TABLE I. 


r/;c Electrophoresis of Red Cells in Plasma. Seven Dijfcrent Horses. 


1 

Plasma 

Age of cells 

Speed 

f potential 


!iri. 

p per sec. per edt per cm. 

millholts 

A 

30 

1.04 

27.5 

B 

30 

1.02 

27.0 

B 

i 

i 

.90 

24.0 

C 

6 

1.07 

28.0 

C serum i 

6 i 

1.06 

28.0 

C 

30 

1.01 

27.0 

F 

6 

.97 

: 26.0 

F serum 

6 

.94 

I 

25.0 

H 

6 

.91 

24.0 

I 

6 

1 .90 

24.0 

I 


1.01 

27.0 

J 

6 

.95 

25.0 

Mean plasma 

Mean serum (10 horses) 

! .98 

- 1. 01 

26.0 

27.0 


The Electrophoresis of White Cells.^ 

Polymorphonuclear leucoc 3 ftes (P) wander in plasma (Table II) 
with a mean C.V, of .54^ per volt per cm. per sec. (seven horses). 
This value is about half that found for red cells from the same group 

* The C. V. of blood platelets has also been studied and will be presented in a 
subsequent communication. 
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(98:54). The calculated mean f potential is 14.5 millivolts. Small 
lymphocytes (SRC) wander in plasma about 20 per cent faster than 
poljTnorphonuclear cells. Because of the presence of blood platelets, 
optimal optical conditions were not present for differentiation of 
pol 3 nauclear cells and round cells. For this reason, serum was studied 
in greater detail; but it was quite clear that the same relationships 
held for serum and plasma. 1 1 both instances, as foimd previously for 
human lymphocytes, keeping the cells on ice up to 48 hours did not 
alter the C.V. 


TABLE n. 

The Electrophoresis oj White Blood Cells in Plasma {Seven Horses). 


(P) = polymorptoauclear leucocyte. (SRC) = small Ijunphocyte. 


Plasma 

Age of cells 

Corrected speed 

r potentUl 


kri. 

It per per cm. pgr sec. 

[ mt^heUx 

1 (P) 

30 

.51 

1 13.5 

1 (SRC) 


.61 

16.0 

2 (P) 

6 

.46 

12.0 

3 (P) 

6 

.59 

15.5 

3 (P) serum 

6 

.50 

13.5 

3 (P) 

30 

.57 

15.0 

4 (P) 

6 

.57 

15 .0 

5 (P) 

6 

.47 

12.0 

5 (SRC) 

6 

.60 

15.5 

6 (P) 

6 

.58 

15.5 

7 (P) 

6 

.58 

15 .5 

Mean (P) 

.54 

14.5 


Red cell 98 ^ „ 


Table m is a summary of experiments with cells in serum taken 
from six different horses; the mean velocity of polymorphonuclear 
leucocytes observed in this series of experiments was .51/i per volt per 
cm. per sec. The calculated f potential was 13.5 millivolts. Lym- 
phocytes have given a mean velocity of .60/* per volt per cm. per sec. 
ndth a r potential of 17.0 millivolts. It is preferred to take the 
values given in the tables for large round ceUs (LRC) as approximate 
because of the difficulties incidental to differentiation of unstained cells 
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TABLE III. 

The Electrophoresis of While Blood Cells in Scrum. Six Different Horses. 


(LE.C) = large round cell. 


.Type of 
cells 

Age of cells 

Corrected 
mean (K) 

1 

f potential 

Remarks 



li ter toll ter 
cm. ter sec. 



IP 

30 hrs. 

.50 

13.0 

P is a mc.'in of 3 values .49, .58, .43 ob- 

SRC 

! 

1 

1 

.59 

15.5 

tained from different levels in cell. These 
do not agree as well with one another as 
those given below taken in the midregion. 

2P 

6 " 

.51 

13.5 

Although a different chamber than above 

SRC 


.60 

17.0 

was used in this e.xperiment, the agree- 

2a P 

30 “ 

.50 

13.0 

ment is c.'ccellent P — SRC arc mean of 2 

SRC 


.62 

16.5 

ax'periments. 

LRC 


.55 

14.5 


3P 

3 days 

.61 

16.0 

In this serum, 3 days old, although higher 

SRC 


.74 

14.5 

values have been noted, the ratio P/SRC 
is practically the same as above. 

4P 

2 “ 

.55 

14.5 


SRC 


.66 

17.5 


5P 

6 hrs. 

.47 

12.5 


SRC 


.54 

14.0 


6P 

6 “ 

.54 

14.5 

1 

Alean as 


1 

1 



above: 

IP 




2P 

1 



2a P 

.51 

13.5 

- 1,25 

P 13.5 

4P 

i 


5P 



1 

6P 

1 




1 SRC 




2 SRC 

1 




2a SRC 

.60 

17.0 

Red cells 27 „ „ 


4 SRC 

5 SRC 



P 13.5 
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TABIX IV. 


Typical Protocols of Experiments to Determine Leucocyte Vdocily. Horse 

Serum and Cells. 

Colximn 1, 6 his. old. Column 2, 30 his. old. 


No. 

Type 1 

Vo 

V 

rpo- 

len- 

U&l 


No. 

Type 

4^0 

7 

f po 
ttn- 

tial 






niBi- 





nUIt- 






tdU 





volts 


1 

P 

.73 

.48 

12.5 

1 

P 

.76 

.54 

14.0 


2 

P 

.68 

.45 

12.0 

2 

P 

.70 

.48 

12.5 


3 

SRC 

.87 

.62 

16.5 

Chamber 

3 

P 

.72 

.50 

13.5 







refilled 

4 

P 

.69 

.45 

12.0 


4 

P 

.71 

.48 

12.5 

5 

SRC 

.82 

.60 

16.0 


5 

P 

7.'^ 

.55 

IS 0 

6 

LRC 

.79 

.55 

14.5 


6 

P 

.77 

.57 

15.0 

7 

LRC 

.81 

.60 

16.0 


7 

P 

.77 

.57 

15.0 

8 

SRC 

.90 

.67 

18.0 


8 

P 

.68 

.47 

12.5 

9 

SRC 

*76 

.56 

15.0 


9 

P 

.71 

.51 

13 .5 

10 

SRC 

.97 

.72 

19.0 


10 

SRC 

.85 

.64 

17.0 

11 

LRC 

.76 

.51 

13.5 


11 

LRC 

.65 

.44 

11 .5 

12 

SRC 

.82 

.61 

16.0 


12 

SRC 

1.01 

.81 

21.5 

13 

SRC 

.90 

.65 

17.5 


13 

P 

.69 

.49 

13.0 






Refilled 

14 

P 

.74 

.53 

14.0 

14 

P 

.63 

.47 

12.5 


15 

P 

.67 

.46 

12.0 

15 

P 

.68 

.41 

12.5 


16 

P 

.93 

.73 

19.0 

16 

SRC 

.76 

.61 

16.0 







Refilled 

17 

P 

.79 

.46 

12.0 


17 

SRC 

.79 

.59 

15.5 

18 

P 

.74 

.52 

14.0 


18 

P 

.76 

.54 

14.5 

19 

P 

.74 

.52 

14.0 


19 

P 

.68 

.48 

13 .0 

20 

P 

.74 

.52 

14.0 


20 

P 

.76 

.57 

15 .0 

21 

P 

.69 

.47 

12.5 


21 

P 

.75 

.54 

14.5 

22 

SRC 

.79 

.54 

14.5 


22 

SRC 

.83 

.62 

16.5 

23 

SRC 

.86 

.61 

16.0 


23 

P 

.70 

.49 

13.0 

24 

P 

.79 

.55 

14.5 


24 

SRC 

.90 

.69 

18.5 

25 

LRC 

.79 

.57 

15.0 


25 

LRC 

.90 

.66 

17.5 

26 

SRC 

.84 

.63 

16.5 


26 





27 

P 

.69 

.45 

12.0 


— 





28 

SRC 

.83 

.60 

16.0 




« 



29 

P 

.76 

.53 

14.0 







30 

P 

.76 

.53 

14.0 




. 51 

13.5 








Mean SRC 


. .66 

17.5 

MeanP... 


.50 

13.0 







Mean SRC 


.67 

16.5 








Mean LRC 


.55 

14.5 
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The C.V. of single polynuclear cells in serum and plasma was quite 
constant. In the same preparation (Table IV, Column 1) all but one 
cell of tliis type wandered with a speed which varied between .45 and 
.57/u per volt per cm. per sec. This variation appears to be much less 
from qitaUtative observation. Three or four leucocytes accidentally 
suspended at the same level migrate with the same velocity. The 
mean value, therefore, of the sixteen cells closely approaclies the true 
value of the absolute velocity for the preparation, .51ju per volt per cm. 
per sec. The mean f potential, calculated as described heretofore is 
(26.5 X .51) IS.SmiUivolts. 

The behavior of the lymphocytes is as interesting as it is inexpli- 
cable. Although a smaller variation in velocity was expected because 
of the regularly spherical shape, as the table indicates, the velocity of 
these round cells varies considerably. In general, it may be stated 
the small lymphocytes wander about 15 to 30 per cent faster than 
polymorphonuclear cells. The six l}Tnphocytes Avhose velocities are 
noted had a mean speed of ,66/i per volt per cm. per sec. The calcu- 
lated potential is (26.5 X .66) 17.5 millivolts. Frequently, round cells 
are observed which migrate more slowly than polymorphonuclear 
leucocytes. Cell 11, for example, was of the large mononuclear type 
(LRC). Its migration speed was only .44|U per volt per cm. per sec. 
On the other hand. Cell 6, a polymorphonuclear leucocyte, migrated 
with a velocity of .73 per sec. These differences are all the more 
striking when observed. The lymphocytes overtake the leucocytes; 
the red cells go swiftly by with a velocity practically twice as fast; and 
then suddenly, one may observe a round cell overtaking another round 
cell, or a leucocyte exhibiting the unusual property of migrating faster 
than a lymphocyte. This, however, is rare. On the other hand, 
although potential drops per cm. as high as 30 volts had been used, 
leucocytes (20° C.) that had settled to the glass exhibited no movement 
in either direction and could not be removed by a powerful stream of 
saline forced through the electrophoresis chamber. Feringa’s experi- 
ments with an agar floor were not repeated because of the questionable 
influence of water flow on the ameboid movements of the cells men- 
tioned previously. The data, however, given in the tables represent 
absohde velocity within the cells irrespective of the water flow and of 
ameboid movements. 
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DISCUSSION. 

It has been stated that the present study was a continuation of the 
work previously done on human lymphocytes in an attempt to Correlate 
qttaiiliialhdy the electrokinetic potential of white blood cells with the 
differences of potential passing between injured and uninjmred tissues 
(9,10). 

The following discussion is in continuation of this attempt to estab- 
lish a quantitative basis for this theory of’the mechanism of inflamma- 
tion. It may be again emphasized here that other views, such as 
those of chemotaxis, of surface tension, etc., are not meant to be ex- 
cluded. As will be shown, however, there are two quantities: (1) 
the speed of white cells per volt per cm., per sec.; and (2) the 
P.D. existing in living injured tissues, whose order of magnitude 
can be presented with a fair degree of certainty — a degree of certainty 
which will permit of a correlation of the two, and of a definition in a 
limited sense of several physicochemical factors incidental to the in- 
flammatory process. 

The preceding data lead one to suspect that mammalian white cells 
are negatively charged and move with an appreciable velocity under 
a P.D. of 1 volt per*cm. toward the anode. With this in mind, the 
nature and order of magnitude of the p.d. between injured and normal 
tissues will be described. It is well known that the surfaces of injured 
tissues are negative to the uninjured surface (15) . That the uninjured 
surface of an injured muscle is comparable to the iminjured imderlying 
tissue is shown by the following experiment. If a carefully dissected 
frog muscle be cross-sectioned, the injcued surface at the moment after 
cutting shows only a small fraction of the maximum e.m.p. which 
appearsonly after a considerable interval (17, 11, 13). 

Differences in potential arising in tissues incidental to injury cannot 
have their soiuces in electrode potentials as no metal is present. Con- 
sequently the currents passing between injured and uninjured tissues 
must have their origins either in: (1) diffusion potentials which are 
based upon differences in ionic molarities, or (2) membrane potentials 
potentials produced by intervening phases— most probably both. 
From the former, slight electromotive forces are to be expected not 
greater than .01 volt. On the other hand, membrane potentials are 
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usually of the order of ,02 to .1 volt, Michaelis’ discussion of the 
physiological significance of diffusion potentials does not give them a 
particularly important position (18). In the instance of an injured 
tissue zone, the presence of a new phase would, it is true, produce in all 



electrons in injured tissue 

Fig. 2, Note the absence of intervening membranes in the spaces where 
leucocytic migration occurs between injured area and capillary wall. This 
structural homogeneity lends aid to the supposition that the conductivity and 
hence the drop in potential is fairly uniform. For further description see text. 

probability potential differences of the order of magnitude possessed 
by membrane potentials."* The main drop in potential, however, may 
be across the phase producing the potential. A particle, migrating 

^ As for example in muscle. A resting muscle is isoelectric. With the pro- 
duction of an injured surface the varjdng permeability of the membrane of the 
muscle cells for anions and cations may produce P. d. of the order of magnitude 
of membrane potentials. 
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cataphoretically, would thus be out of range of the main drop in poten- 
tial except when migrating through the phase — e.g., the wall of a 
capillary. That diffusion potentials may play a significant role in the 
production of cataphoretic migration is shown by the following. 

Reference to Fig. 2 shows that negative electricity is drawn from 
an injured surface. Consequently electrons flow from uninjured tissue 
zones to injured tissue zones, making the injured area electropositive. 
That an injured area is relatively positive is made all the more probable 
by the fact that injured tissues have a lower pH than the blood in the 

TABLE v. 


This table demonstrates that even with minimum potential differences between 
injured and uninjured zones appreciable drops in potential per cm. should be 
found, even with maximum distances. 


Distance between injured zone and 
capillary or normal tissue 

} 100 

50 p 

25 m 

i 

10^ 

Possible potential differences between 
injured and uninjured tissue 

Drop in potential in tissue 

i 

tollt 

nits per crt. j 

teitspercm» 

idtspercm. 

tdts ftren. 

.001 

.1 

.2 

.4 

1.0 

.003 

.5 

1.0 

2.0 

5.0 

.010 

1.0 

2.0 

4.0 

10 .0 

.030 

5.0 

10.0 

8.0 

20.0 

.100 

10.0 

20.0 

40.0 

100.0 


capillaries and adjoining normal tissues (19). Consequently, the 
higher hydrogen ion concentration (see Fig. 2) again wotild lead one 
to believe that injured tissue was electropositive. 

Before discussing the order of magnitude of the p.d. existing between 
injured and uninjured zones, it should be recalled that p.d. is expressed 
in volts per cm. A picture of the forces at play which may influence a 
charged leucocyte is appreciated only if the drop in potential is con- 
verted by estimation of the distance from the injured point to the 
nearest capiUary, to p.d. per cm. Table V shows the estimated order 
of magnitude of the p.d. per cm. with different distances and different 
potential differences. The fall across the injured tissue to capillary 
area would have to be divided inversely proportionally to the resistance 
of the tissues. As relatively normal tissues have a high resistance 









1000 


IIECIIANISM OF INFLAHALMORY PROCESS. I 


and as tlie tissue fluids similarly arc not good conductors, it is fair to 
assume that even though the total drop in potential is not uniform, a 
portion ^'sf it, sufliciently great to influence migration of a charged 
particle, is present. It should be noted that the iuflammatory process 
takes place in connective tissue, and leucocytic migration occurs in the 
capillar}^ spaces between fibrous tissue bands where the p.d. is unhin- 
dered by the presence of cell membranes existing in muscle. From 
the point of view of the structure of tlie intracellular fluids in connective 
tissue, one ma}' assume for the present that the thinness and conduc- 
ti\dty of phases or membranes present do not make the curve of 
potential drop sufllcientl)'’ unlinear to reduce the probability of the 
correctness of the order of magnitudes to be considered. 

Table V shows that even with a p.d. of .001 volt between injured 
zone and a capillary wall .1 mm. awa}’-, tlie p.d. per cm. is .1 volt. Of 
course, this is an extreme instance. The potentials measured between 
cut surface and uninjured surface vary between .030 and .100 volt, and 
if membranes (phases) are present in the injured zone, this order of 
magnitude of potential would be e.xpected. If, however, only diffusion 
potentials incidental to the enormous rise of metabolism whicli occurs 
(20) are present and if the p.d. in that instance be only 5 millivolts, 
with a distance of .05 mm., the p.d. per cm. is 1 volt , — a force sufficient 
to bring a leucocyte moving in plasma at the rate of .5/z per volt per 
cm. per sec. to the point of injurj’^ in 2 minutes. 

Why do not the red cells and l 5 mphocytes also migrate at once toward 
the point of injury? Some of them do, but the great difference between 
these cells and pol 3 Tnoiphonuclear leucocytes is that the ameboid cells 
stick to the capillary walls and are uninffuenced by the rush of blood 
going by (see Paper II of tins series). The speed of blood in capil- 
laries is remarkably constant throughout tlie vertebrate kingdom. 
One may expect in mammals a speed of about .5 mm. per second of tlie 
cells passing tlirough certain capillaries (21). Even if the p.d. per an. 
between blood and injured zone were 20 volts, tlie speed of a cell moving 
toward the zone of injury at a rate of .5^ per volt per cm. per sec. 
would be only 10;u per sec. Thus, there would be a force exerted on 
the blood cell in the direction of the blood stream fift}'’ times as great 
as that exerted in the direction of the point of injui^'’ (Fig. 2). I^Tien, 
however, a wliite cell is trapped by the capillar}'’ wall, the electromotive 
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or other forces are dominant and the forw'ard pressure of the blood 
stream o’’ the adherent cell is negligible. This presupposed, of course, 
that leucocytes are able to wander through the wall, as they can. 
The same phenomena are readily seen in an electrophoresis chamber of 
the kind described above. At room temperature, on the floor of the 
cell, are stationarj’-poljTUorphonuclear leucocytes, and hovering about 
apparently suspended in the immediate fluid strata are lymphocytes 
and red cells. Even though the p.d. on occasions has been 30 volts 
per cm., the leucocytes which have stuck to the glass remain there 
uninfluenced by the difference of potential while the round cells and 
red cells move swiftly by just as in a blood vessel. 

One further point at present remains to be discussed — the electro- 
phoresis of water. Granting the difference of potential and the other 
factors that have been previously discussed, it follows that the move- 
ment of the tissue fluids would also be influenced. As the experiments 
of Mudd (22) have conclusively shoum, animal membranes are nega- 
tively charged when the medium is serum or any other alkaline fluid. 
The significance of this in relation to the inflammatory process is at 
once evident. There should be adjacent to the strands of connective 
tissue and in the pores of the connective tissue a cathodal flow of water. 
But, these strands of connective tissue form capillary spaces. If these 
spaces are closed systems, as in an electrophoresis chamber, in the 
absence of structural irregularities, there may be in the midregions of 
these capillary spaces a return anodal flow to assist leucocj^e migration 
where the capillary spaces are not too small. 

SXBEUARY. 

1. The velocity of cataphoretic migration of blood cells in plasma 
and serum is proportional to the potential drop applied. 

2. The cataphoretic velocity of red cells, poljmorphonuclear leuco- 
cytes, small lymphocytes, and large lymphocytes is described for 
serum and plasma. 

3. The relation between the electrokinetic potential of white blood 
cells and the differences of potential probably existing in injured tissues 
are correlated quantitatively. 

4. Jhis correlation suggests that migration of leucocytes to a point 

of injury’ is, in part, dependent upon the electromotive forces at plav 
in the tissues. ^ ^ 
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The writer wishes to express his thanks to Professor H. Freundlich 
for Iiis constant guidance and criticisms, and to Dr. Ettisch for his 
unceasing interest. 
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n. Concerning the Adhesive Force of One Pseddopod of a Frog 
Leucocyie and Its Relation to Leitcocvte 
Emigration. 

By HAROLD A. ABRAMSON, fM.D. 

{From the Kaiser 'Wilhelm Institute for Physical Chemistry and Electrochemistry, 
Berlin-Dahlem, Germany^ 

(Received for publication, July 6, 1927.) 

Although much work has been done concerning the adhesive quali- 
ties of ■white blood cells, these studies of stickiness have apparently 
all been made in miro •with glass or other surfaces (1). 

This communication deals rvuth observ^ations made on the beha'vior 
of a single leucocyte in a capillary of the -web of a frog’s hind limb. 
The phenomenon seems not to have been reported. Because of the 
quantitative considerations -which may be deduced from this observa- 
tion, it is -worthy of description in detail. Dr. G. Ettisch was present 
and confirmed the sequence of events to be described in the follo-wing. 

1 hour after the frog {Rana temporaria) had been anesthetized by 
urethane, the vascular changes incidental to an inflammatory process 
produced by a needle-HCl puncture of the web were studied. The 
vascular channels were -wide open with a very rapid flow of blood cells, 
unhindered except at points where white cells had begun to stick to the 
capillary walls or roll slowly along the waU. At the bend of a capillary 
whose -width was about four times the diameter of a polymorphonu- 
clear leucocy^te, an ameboid cell was seen to be suspended in a rushing 
blood stream by a single thin white thread of protoplasm (Fig. 1, a). 
The cell was in the centre of the stream, in contradistinction to the 
other cells along the wall, and was held in place by this thin thread of 
cytoplasm (about three times as long as the cell itself) which was 
drawn out to a minute point paraUel to the direction of the blood 

* See Paper I of this series. 

t Fellow in Medicine, National Research Council. 
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stream, and was stuck to tlic wall by an apex whose diameter seemed 
to be about 1 ju. The preparation as a wliole was in the horizontal 
plane. The cell was definitely seen to be in the middle of tlie stream 
surrounded and tossed about by red cells streaming past so rapidly 
that individual cells could not be obsen.’-ed. The thin tliread of cyto- 
plasm (pseudopod) then shortened until the cell approached the capil- 
larj'- wall to about its own length (Fig. l,b). 





Then, seemingly overwhelmed by the force of the blood stream, the 
pseudopod was again stretched out to its pre\dous length. After 
several minutes of such play, the pseudopod slowly contracted (Fig. 
1, c) and the white cell was drawn to the capillary wall (Fig. 1, d). 
This lasted but half a minute when the cell was again drarni out by 
the force of the blood stream with a thread of cytoplasm as long and 
as thin as heretofore described (Fig. l,c). After a short period of 
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tossing about in the centre of the stream, the pseudopod was appar- 
ently tom free from the wall and the cell disappeared from the field. 

It is e\ddent that the adhesive force exerted by this single pseudopod 
was equal at least to the resultant of the forces of the stream of blood 
on the white cell and of the force of gravity. To obtain an idea of 
the order of magnitude of this force, let it be assumed that the leuco- 
cyte was a sphere of radius, r, in a medium whose viscosity, 77, was 
constant and whose speed, v, was also constant. Then, F, the force in 
djTies, is e-xpressed by the following equation; 

F = riv 

Substituting .03 for 77, 4 X 10~^ for a, and .05 for a (2), the value of 10-^ 
djTies is obtained for the horizontal component, the force of the blood 
stream. As the cell was maintained by the blood stream in a horizon- 
tal plane, it is evident that the gravitational component was com- 
paratively small. This vertical component is expressed by 

F = I ^ (D-i) g 

where r is the radius of the cell, D the density of the medium, 5 the 
density of the particle, and g the gravitational constant. It will make 
little difference what probable value is taken for 0-d). Assuming 
{D-S) be equal to 0.1 and substituting, 

i=' = jX3X(4X l0-<)’ • l0-> X 10’ 

= 2 ■ 5 X 10“’ dynes. 

It follows then, that the gravitational component is negligible and 
that the force, 10“® dynes, the “adhesive force,” of this single pseu- 
dopod was at least of this order of magnitude. Or assuming the area 
of the pseudopod on the capillary to be 1 sq. yn, the force per sq.mm, 
would be (10-5 x 10®) or 10 dynes. This value is so small that the 
probability of its representing tensile strength rather than adhesive 
force is slight. The tensile strength of frog muscle, for e.xample, is 
6 X 10^ d3mes per sq.mm. (3). 

From the foregoing it may be readily understood why leucoc34es 
stick to a capillary waU with such apparent ease although a seemingly 
overwhelming force introduced by the blood stream is present. 
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tills phenomenon be repeatedly observed, it may be accepted that the 
adhesive force, of the order of magnitude of 10“® dynes, is exerted by 
one pseudopod. A leucocyte touches the capillary wall ivith many 
more pseudopods. And since the force of the stream at the walls of 
the capillary is less than at the centre, a sufficient resistance may 
easily be offered by more than one pseudopod to produce leucocyte 
arrest and preparation for emigration. 

SUMMARY AND CONCLUSIONS. 

Observations on the behavior of a frog leucocyte in vivo have led 
to the conclusion that an adhesive force of at least 10~® d>Ties may 
be offered by one pseudopod. Tliis adliesive force, of one pseudopod, 
is of the order of magnitude sufficient to cause leucocyte arrest pre- 
vious to emigration through the capillary wall. 

I desire to ex-press my thanks to Professor H. Freundlich for his 
kindness in reading the manuscript. 

BIBLIOGRAPHY. 

1. Fenn, W.'^O., J. Gen. Physiol., 1922, v, 143. 

2. Tabulffi biologica;, Berlin, 1925, i, 133. 

3. Tabulae biologicae, Berlin, 1925, i, 42. 



THE STRUCTURE OF B. ANTHRACIS ANT) REV*ERSAL OF 
THE GRAM REACTION * 

By JOHN W. CHURCHMAN, M.D. 

{From the Lahoraiory of Experimental Therapeutics, Cornell University Medical 

College, New York.) 

Plates 34 to 38.' 

(Received for publication. May 31, 1927.) 

If a small amoimt of aqueous solution of acriviolet, gentian violet, 
or acriflavine be added to a thick aqueous suspension of a young 
culture of B. anthrads it 37111 be found that after a longer or shorter 
interval of time a large proportion, if not aU, of the organisms are 
changed by the exposure from sharply Gram-positive to sharply 
Gram-negative. The speed -with which this change takes place 
varies with the strain of B. anthrads examined. In one strain studied. 
Gram reversal began in a few minutes and was complete within 2 
hours. In other strains 19 hours were required to produce the change 
and even at the end of this period a few Gram-positive individuals 
were sometimes stih foimd in the smears. The Gram-negative forms 
of Bacillus anthrads produced by exposure to these dyes are notably 
smaller in calibre than the Gram-positive forms, the difference in 
diameter as measured by means of a filar micrometer being in the 
neighborhood of 40 per cent. 

That such changes could be produced in this organism by exposure 
to aniline dyes was first observed about a year ago. The present 
communication is concerned with studies made, since that time, of 
the reversal of Gram reaction, and of the change in calibre, which the 
dyes caused; and with attempts to interpret the significance of the 
two phenomena. 

* Preliminarj- report of this work appeared in Proc. Soc. Exp. Biol, and Med 
1926-27. xxiv, 737. ’ ’’ 
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The Gram Stain. 

In our early obser^^ations as to tlie effect of aniline dyes on B. 
anthracis tlie smears were stained by Paltauf’s modification of the 
Gram method.^ The findings thus obtained were also confirmed by 
the study of smears stained by the other well knowm modifications: 
Claudius’,' Burke’s,^ Atkin’s/ and Kopeloff’s.® After the examination 
of about 2000 smears, eacli specimen being stained and examined by 
two observers, the definite conclusion was readied that Burke’s 
modification was superior to all otliers. It was tlierefore, from that 
time on, exclusivel}'' used. The opinion as to its superiority was amply 
confirmed by the subsequent studies which involved tlie examination 
of nearl}'' 12,000 smears. ItOienever “Gram stain” is mentioned in 
this report it is tlie Burke modification (unless otlierwise spedfied) to 
which reference is made. Witli the Burke technic the results are 
constant and absolutely clear-cut. The colors in the final smears 
contrast sharply (a bluish black wntli a pink) and one is never left in 
doubt as to whether an indhddual organism is to be called Gram-nega- 
tive or Gram-positive. 

When stained by tlie Burke technic young cultures of B. anthracis 
are definitely and constantly Gram-positive. An occasional Gram- 
negative individual may be seen, but these are only occasional and 
negative forms are usually entirely absent. The Gram-negative 
organisms, like B. coli, which are commonly used for controls in 
experimental work, are equally constant and sharp in their reaction 
to the Burke stain. If therefore tlie tedinic as described by Burke 
be carefully followed and the precautions observed wliich it is well 
known must be borne in mind in using the Gram method, the Burke 
modification is a method of exactness and from its results trustworthy 
conclusions can be drawn. 

^ Sharnosky, J,, Proc. New York Path. Soc., 1909, Ix, N. s., 5. 

^ Claudius, M., Anv. Inst. Pasteur, 1897, xi, 332. 

^ Burke, V., J. Pact., 1922, vii, 159. 

^ Atkin, K.. N., J. Pact., 1920, iii, 321. 

® Kopeloff, N., Lactobacillus acidophilus, Baltimore, 1926, 204. 
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Exposure of Organisms to Aniline Dyes. 

The tecluiic of the experiments in which reversal of the Gram 
reaction of B. anlhracis was produced was the following. 

A heavy suspension of 4 hour culture of the organism was made in distilled 
water, i cc. of this suspension was placed in each of two tubes. To one of these 
tubes an oesefxil of 1 per cent aqueous acriviolet was added. Smears were made 
at the beginning of the esperiment and stained by Burke’s method. These always 
showed the organism to be 100 per cent positive except that an occasional stray 
Gram-negative individual might be found. The tubes were put away at room tem- 
perature and smears from each tube examined at various intervals. It was found 
that Gram-negative forms began very soon to appear in the tube to which acri- 
violet had been added. In the case of the more rapidly changing forms, like 
No. 10,® reversal of Gram reaction began almost at once and was complete in 
2 hours or less (Fig. 1). In the more slowly changing forms like N.Y.B. of H.," 
5 per cent of Gram-negative individuals appeared in 21 hours.® At the end 
of 19 horns smears from the acriviolet tube showed that the organism had 
changed from a predominantly Gram-positive to a predominantly Gram-negative 
one. In other experiments reversal proceeded imtil about 75 per cent of the or- 
ganisms had become Gram-negative and further change occurred very slowly if 
at all. 

The first observations as to the effect of aniline dyes on B. anthracis 
were made with a strain furnished by the New York Board of Health. 
In order to determine that the reversal phenomenon was not peculiar 
to this particular strain of B. anthracis the experiment was repeated 

® The numbers refer to the American Type Cultmre Collection. 

’’ The strain referred to as “N. Y. B. of H.” was isolated at the New York Board 
of Health Laboratories from a shaving brush in January, 1923. 

® The roughness of a method in which percentages of Gram-positive and Gram- 
negative forms in a smear are estimated without actual coimts is of comse perfectly 
understood. Small variations are, under such conditions, of no significance what- 
ever and no attention was paid to them. But the difference between a smear 
containing 99 per cent positive forms and one containing only 30 per cent positive 
forms is of course obvious at a glance and it was only differences of this order 
which were taken into account. In all cases the smears were stained by two 
observers and each smear recorded by both; the figures of the two records agreed 
pretty closely. It was found that the changes produced by the dyes were the 
same even when vaiyrng amounts were added and exactness of dilution was not 
necessarjq “1 oeseful of 1 per cent dye” was therefore a sufficiently accurate 
measure. The oese used measured 2.33 mm. internal diameter. 
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witli Strains 8, 9, 10, 240, 241, and 242 of the American Type Culture 
Collection. The authenticity of all of these strains was established 
by animal inoculation. It was found that the reversal phenomenon 
was produced in cadi instance by the exposure of the organism to 
aniline dyes so tliat tlie conclusion seemed warranted that the reac- 
tion was diaracteristic for the genus. 

Similar experiments were then undertaken with otlier members of 
the spore-bearing, aerobic group. The first group studied was B. 
subiilis of whidi six strains were examined: one strain, isolated from 
hay, in our ovm laboratory and Nos. 102, 465, 466, 243, and 3 A. T.,C. 
These experiments wnth Bacillus sublilis showed that a reversal of 
the Gram reaction similar to that of B. anihracis results from exposure 
to aniline dyes; but the phenomenon was less striJdng, since in some 
of the strains a moderate degree of reversal also occurred in the 
control tubes. 

The definite findings in the case of B. anthracis and the suggestive 
findings in the case of B. sublilis suggested that the phenomenon might 
be common to all sporogenous aerobic® bacteria and a studj" was 
therefore made of this whole group, the strains being obtained from 
the American Type Culture Collection. The folloiving organisms 
were examined. 


B. vicsciilericKs 

No. 76 

“ megatherium 

“ 72 

« <C 

« 71 

" mycoidcs 

» 270 - 

•* “ roscus 

» 80 

“ adhxrais 

“ 271 

“ iiigcr 


“ agri 


“ laierosportis 


“ simplex 


“ globigii 


“ albolactus 


“ aterrmiis 


“ panis 


“ praiisnitzii 


" rmnimtus 


“ Jlaviis 

« 58 


® Nothing can at present be said about the behavior of anaerobes. 
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With a number of these organisms, reversal of Gram positi\nty 
was produced just as in the case of B. anthracis. This was true for 
example of B. mcgalhcriinn and B. mycoides. But in the case of the 
majority of strains in this group either the results were inconstant or 
reversal occurred in the control tubes, so that no statement can be 
made as to the existence of any general relation between reversal 
phenomenon and the presence of spores in bacteria. 

The investigation was then extended bj' making a study of non- 


spore-bearing Gram-positive organisms. Experiments were done 
with the following 50 strains. 

No. No. 

Sarciim Jutca 

111 A.T.C. 

Actinomyces tnaditrx 

552 

“ rosea 

188 

“ hovis . 

549 

“ auranliaca 

146 

“ gypsoides 

550 

“ flam 

147 

Staphylococcus epidermidis 

155 

Micrococcus auranlictis 

387 

“ albus 

251 

“ Mens 

379 

“ cilreus 

395 

“ freudenreichii 

407 

“ aureus 

477 

“ flavus 

140 

“ candicans 

154 

“ conglomeraltcs 

401 

“ tetragenus 

159 

“ flavoroseus 

397 

Bacillus xerosis 

373 

“ cereus 

394 

“ diphtherix 

475 

“ various 

399 

“ hoflmanii 

371 

“ urex 

408 

Staphylococcus pyogenes 

160 

Rliodococcus ruber 

534 

Streptococcus lactis 

558 

“ rhodochrous 

184 

Lactobacillus casei 

334 

“ roseus 

185 

Staphylococcus (No. 33) 

Torrey 

“ cinnabareus 

514 

“ (Richards) 

tf 

Actinomyces aster aides 

322 

“ (No. 77) 

tl 

“ hominis 

551 

“ (isolated by Churchman) 


B. diphllieriz 
“ « 

<> <( 

B. hqffmanii 
Pneumococcus T>’pe 1 
2 
3 

" 1 
" 2 
“ 3 

B. liiberculosts bo\-ine 

« Cl „ 


N. Y.B. ofH. 

t( (( tl (C t( 

€( ({ (f (( (c 

€C (( (t (f ct 
(( ft ft ft tf 

« ft ft ft ft 

ft ft ft ft ft 

Rockefeller Institute 

« tf 

« tf 

N. Y. B. of H. 

« ft tf tf ft 
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This study of the behavior toward aniline dyes of non-spore-bearing 
Gram-positive bacteria showed, that in striking contrast to the 
results produced in the case of onUiracis and other members of the 
spore-bearing group, the dyes mentioned were wthout any effect on 
tlie Gram positivit}'' of tlie majorit}'- of tlic non-spore bearers. The 
experiments with certain of these organisms (about 15 strains) were, 
however, unsatisfactor}’' and from tJiem no conclusions could be 
drawn. Pneumococcus for example proved too fragile for this tj^ie 
of experiment and we were unable to get constant results whether 
we worked uith blood agar cultures or with the peritoneal fluid from 
injected mice. Nor were we able to draw positive conclusions from 
tlie experiments with Streptococcus tactis, nor witli Actinomyces 
hominis or Actinomyces inadiirx. But for the majority of the or- 
ganisms (about 35 strains) in this group the dye was absolutely with- 
out effect on the Gram reaction, even after many days exposure and 
even when the tube was heated in order to make the test more severe. 
The difference between tlie behavior to aniline d3'es of B. ant/iracis 
and a number of tlie Gram-positive non-spore bearers was well 
shown by an experiment in which a suspension containing botli B. 
anthracis and M. freudenreichii was used. Botli of these organisms 
are definitely Gram-positive and tlie smears made at tlie beginning 
of the experiment showed nothing but Gram-positive forms. Smears 
made (at the end of 19 hours) from the tube to which acriviolet had 
been added showed that none of tlie indmduals of M. freudenreichii 
had been changed but that about 95 per cent of the indivdduals of 
B. anthracis had become Gram-negative. The smears from the 
control tube at this time showed all tlie organisms of both strains to 
be still Gram-positive (see Fig. 2). 

It seems clear from the experiments just described, in whicli tJie 
bacterial field was pretty completely covered so far as the Gram- 
positive aerobic forms are concerned, that two types of organisms 
may be distinguished, one of whidi exliibits reversibility of Gram 
reaction when exposed to acriviolet and tlie other of whicli remains 
Gram-positive in spite of long exposure to the dye. The organisms 
which exhibit tlie reversal phenomenon in clear-cut fashion belong in 
the spore-bearing group; the organisms which resist this effect of the 
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dye belong in the non-spore-bearing group.^'’ This fact is sufficiently 
striking and may be of significance. There are, however, niunerous 
e.xceptions in both groups, so that one cannot definitely relate the 
reversal phenomenon to the presence or absence of sporogenic material. 

Other Dyes. 

It has been said that the reversal phenomenon is brought about 
by exposure to acriviolet and this dye did appear to be more effective 
than any other in producing the result. But exposure to other dyes, 
notably acriflavine, gentian \iolet (both Griibler, and Coleman and 
Bell), and ethyl %dolet also resulted in a reversal of Gram reaction and 
a diminution of calibre. 

Other Substances than Dyes. 

Since the dyes are known to have a bacteriostatic effect upon 
certain of the organisms which exhibit reversal phenomenon experi- 
ments were done with other substances, not dyes, also capable of 
producing bacteriostasis. In these e.xperiments both Bacillus an- 
thracis and Staphylococcus aureus were e.xposed to the action of alcohol, 
formalin, and Zenker’s fluid. These substances produced no effect 
on the Gram reaction of either organism. 


Relation of Reversibility to Acidity. 

The dyes used, though basic or neutral in name, have a pH between 
3 and 4^' and this fact raises the question also suggested by the work 
of Deussen*= (who noted the effect of acids on the Gram reaction — but 
not on the size — of certain Gram-positive organisms), whether the 
phenomenon here reported might not be due to the slight aciditj* 


Deussen (Deussen, E., Z. Hyg. u. Infectionskrankh., 1918, hxsv, 235) noted a 
similar difference in the effect of certain substances on the Gram reaction of 
different Gram-positive organisms. 

The potentiometer readings are as follows: 

1 per cent aqueous gentian violet pH 3 5 

acnflavme pH 3.5 

1- Deussen, E., Z. Byg. «. Infectionskrankh., 1918, kxs\', 235. This author 
regarded the phenomenon as a purely chemical one and thought the effect of acids 
to be in direct proportion to their degree of dissociation. 
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(it is very slight) of tlic bacterial suspension resulting from tlie addi- 
tion of Uie small amount of 1 per cent acriviolct or gentian violet 
used.*^ Since tlie result produced by these dyes was not produced 
by acid fuclisin (pH 2.55) it seemed unlikely tJiat acidity of dye was 
the whole explanation of the phenomenon. That the addition of 
strong acids, at least, did not produce reversal of Gram reaction nor 
diminution of calibre was easily shown by the following experiment. 

Three tubes each containing ^ cc. bacterial suspension (B. anthracis N. Y. B. 
of H.) were prepared. To the first was added 1 oeseful of 1 per cent acriviolct, 
ta the second 1 oeseful of 10 per cent HCl, to the third 1 oeseful of concentrated 
HCl. Complete reversal took place in the acriviolct tube within 19 hours. In 
the acid tubes no change was observed at the end of 19 hours, and only slight 
change at the end of 48 hours. 

A second e.xperimcnt to test this point was done by adding to a series of tubes 
containing the bacterial suspensions 1 oeseful of water which had been brought 
to pH 1.2, 1.8, 2.4, 3, 3.8, and 7. In none of these tubes did reversal occur, al- 
though complete reversal took place in the control tube containing dye. This 
experiment is open to the objection that the acid used was not buffered and there- 
fore its action may not have been continuous. In the dyes, on the other hand, 
acid may be present in just the right proportion and it may be so buffered as to 
act continuously. Efforts to test this point out by buffering with KCl and with 
KH phthalate, the acid added to the bacterial suspensions were defeated because 
it was found that the buffers themselves led to some reversal. The point must, 
therefore, be left for the present in abej'ance. 

Modifying Factors. 

The question of tlie relation of the reversal phenomenon to the 
age of the culture was investigated. This was done by making 
bacterial suspensions of agar growths, at intervals of 1 hour, from 1 
hour up to 7. Though the results of tliese experiments were not 
absolutely constant, there is reason for beheidng that vety young 
cultures are more resistant to the reversing effect of acriviolct than 
older cultures. 

The question of the nature of fluid in which the suspension is made 
and its relation to the reversal phenomenon was studied by making 

The pH of the distilled water used in this laboratorj' is 6.0. Potentiometer 
readings of § cc. of this water containing 1 oese 1 per cent acriviolct showed a 
pH of S.3-1-. 
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suspensions in distilled water, in tap water, and in physiological 
saline, and adding dye to these tubes. Reversal proceeded more 
rapidly in the water tubes than in saline. 

Reduction in Calibre of Bacteria by Exposure to Dyes. 

Reference thus far has been made only to the change in Gram reac- 
tion produced by exposure to acriviolet. But another equally strik- 
ing, if not more striking, change has also been observed; for it is 
noted in the smears of B. anthracis which have been exposed to acri- 
violet that the Gram-negative forms are much smaller in transverse 
diameter than the Gram-positive forms. This difference in size is so 
st rikin g, the organisms stained with safranine being quite slender 
and those stained with methyl violet quite stout, that one might 
easily conclude that the smears contained a mixture of two different 
org anisms , one a robust Gram-positive and the other a slender Gram- 
negative (see Fig. 1, B). In smears made when the change is about 
half complete these pink and bluish black segments may alternate 
in the same chain giving a most striking appearance (see Fig. 1, B, 
and Fig. 5, A-D). It will be noted that when spores are present 
they are entirely contained within the Gram-negative forms. This 
is apparent in many of the illustrations; but particular attention is 
called to the organisms marked a Fig. 1, B, and a Fig. 3, A. 

Large numbers of measurements of the Gram-positive and Gram-negative 
forms were made, a Zeiss filar micrometer being used for the purpose. These 
measurements showed the Gram-positive forms to be practically always larger in 
transverse diameter than the Gram-negative forms. The difierence in size is of 
course not absolutely constant in degree, varying from .123/i to .962;i; but in only 
one instance has a Gram-negative segment of a bacterial chain been seen which 
was larger than the adjacent Gram-positive segment, and in only the most oc- 
casional instances were they of the same calibre. Comparative measurements of 
25 Gram-positive and 25 Gram-negative adjacent segments from a smear of B. 
anthracis No. 10 stained by Biuke showed; average diameter of the Gram-positive 
forms 1.2236/1, of the Gram-negative forms, .7091/j, a difierence of .5145/i or 
42 -f per cent. 

In the complete study 292 organisms were measured. The average diameter 
of the Gram-positive forms was 1.112/,; of the Gram-negative forms .686/,. This 
gave an average difierence of .426/, or 38.3 per cent. 

When measurements were made of specimens which had heen stained by the 
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Paltauf modification, the same general facts came to light although the difference 
between the Gram-negative and Gram-positive forms was not quite so marked as 
in specimens stained by Burke’s method (see Fig. 3, A and and Fig. 5, £>). 
In this set of observations, measurements were made of 50 organisms. The 
average transverse diameter of the Gram-negative forms was .311432f« smaller 
than that of the Gram-positive forms, a reduction of 29.74 per cent in diameter. 

Exposure to acriviolet therefore not only causes Bacillus aulJiracis 
to change its Gram reaction from sharply Gram-positive to sharply 
Gram-negative; it also leads to a reduction, by as much as 40 per 
cent or even more, in its transverse diameter. WTiether a similar 
change in longitudinal measurement also occurs it is impossible to 
say with certainty since the variation in length of the indi\iduals in 
a given smear of B. antliracis is usually so great as to make compara- 
tive measurements impossible. But Gram-positive material may 
be shown to exist between the Gram-negative segments of a chain of 
B. anihracis and when this is removed from the ends of the organisms 
by excessive decolorization of lightly stained specimens diminution 
in length must occur (see Pig. 4:, A, a, h, and c, and C, a and b). 

Significance of Reversal. 

What is the significance of the change in Gram reaction and the 
diminution in size produced by the exposure of B. anihracis to acri- 
violet? It is clearly not a specific reaction since it is produced also 
by substances other than dyes and indeed occurs in a few indi\nduals 
even in the control tubes. Since acriviolet is known to have a marked 
bacteriostatic effect on B. anihracis, tlie reversal produced by tliis d)’'e 
might be thought to be purely a death phenomenon. This, however’, 
seems unlikely to be the case since other organisms (like M. frcudcii- 
reichii) wliich are killed by acriviolet do not exhibit reversal on ex- 
posure to this dye, and since — ^if the vegetative forms of B. anihracis 
be killed in other ways (as by prolonged boiling or exposure to bi- 
chloride of mercury) — reversal is not produced. Since a certain 
amount of reversal usually occurs sooner or later in the control tubes 
to which no dye has been added, it is not unlikely that the dye simply 
promotes or hastens a change in the bacteria, caused by degeneration 
or lysis (dependent perhaps on change of reaction), wliich w^ould 
occur without any dye. Bacteria are no longer thought of as entities 
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with permanent characteristics, but biological units which change 
constantly. It is now well known that in their cycle of growth they 
both lose and acquire characteristics; the Gram reaction is one of the 
characteristics which may change during growth or be changed by 
environment. No one has ever demonstrated an anatomical basis 
which might explain this change of Gram reaction; in the case of 
B. anlhrads the finer structure of the organism as revealed by these 
studies appears to offer such an anatomical basis. 

But what is the cause of the change in size? Three explanations 
suggest themselves. It might be thought that the change in size 
was apparent rather than real and that it resulted from the heaping up 
of methyl xdolet on the surface of the Gram-positive segments, a heap- 
ing up which did not occur in the Gram-negative segments whose 
diameter appeared therefore to be less. It is possible of course that 
the apparent size of the stained bacteria is greater than the actual 
size of the living organisms but I am inclined to think that the differ- 
ence in size produced by staining is not great. In any case the sug- 
gestion that the observed difference in size between Gram-negative 
and Gram-positive segments is not real but entirely dependent on 
accumulations of stain in some segments which do not occur in 
others is excluded by the fact that the difference in size is to be ob- 
served (imder the limitation noted below) also in hanging drop speci- 
mens — which have not been stained at aU — as well as in specimens 
stained by safranine alone, by fuchsia alone, by Burke’s methyl 
violet alone, and by saturated alcoholic gentian violet alone 
(Fig. 3, C and D). 

The second explanation which suggests itself is that the difference 
in size between adjacent Gram-positive and Gram-negative segments 
is due to shrinkage. It is conceivable that when dye is added to 
an aqueous suspension of B. anlhrads osmotic forces, acting through 
the bacterial membrane, extract material (possibly water) from cer- 
tain segments, whose size is in this way diminished. Since the 
weighing experiments were done with desiccated specimens, dehydra- 
tion could not be the cause of the loss of weight in the Gram- 
negative segments. 

If dehydration be brought about by exposing the bacteria to 95 per cent 
followed by absolute alcohol no such picture is obtained as follows exposure to the 
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dyes. A slight diminution in diameter docs occur, as the following measurements 
show, but the Gram reaction is not reversed. 


Diameter control organisms (IS measured) 1.06 (x 

“ after 48 hours in 95 per cent alcohol 1 .00 p 

“ “ 24 “ additional absolute alcohol 85^ 

Total loss of diameter 21 jx 


20 per cent 

If a bacterial suspension be evaporated to drjmess and complete desiccation 
thus produced smears for examination of the stony material which results can 
only be obtained after grinding it in a mortar. This vigorous treatment destroys 
bacterial morphology and no satisfactory observations can be made on the debris. 

A third explanation of the phenomenon is that the difference in 
size observed in the hanging drop as well as in stained specimens is a 
real difference and that it is to be explained by the fact that B. antliracis 
is composed of two parts, an outer layer which is Gram-positive, and 
an inner core which is Gram-negative. According to this explanation, 
when the proper dye is added to a suspension of B. aniJiracis the 
outer Gram-positive coat is destroyed and only tlie inner Gram-nega- 
tive core remains. Ectoplasm and endoplasm might be the most 
correct terms to apply to these portions of the bacterial structure if 
they had not already been used by Zettnow^ in a somewhat different 
sense. Cortex and medulla are convenient descriptive terms although 
usually applied to an organ rather than an organism. Adopting 
these terms tentatively we may say — if the suggested h}^othesis as 
to difference in size is correct — tliat tlie Gram-positive cortex of 
B. antliracis is rather easily destroyed by lysis and by degeneration; 
that it undoubtedly often disappears during bacterial growth (which 
accounts for the occasional presence of Gram-negative forms of 
B. antliracis in smears from cultures and their frequency in old cul- 
tures) ; that the cortex is susceptible to tlae action of distilled water, 
so that it will disappear in this medium after prolonged exposure; 
that it is notably sensitive to the action of certain dyes; and that 
when the cortex is thus destroyed the slender Gram-negative medulla 
comes into view. 

^■‘Zettnow, Z. Hyg. u. Injectionskrankh., 1899, xxx, 1; 1918, Lxxxv, 17. 
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A good deal of evidence has been gathered for the correctness of 
this hjT)othesis, but it cannot perhaps be said that the case is abso- 
lutely established. Final proof would be afforded if cross-sections 
of bacteria could be obtained and if these, when stained by Burke's 
method, exhibited a Gram-negative core and a Gram-positive periph- 
ery. This proof, though we have endeavored to obtain it, cannot 
now be presented at least in con\ancing form. Numerous efforts 
have been made by varjdng technic to get satisfactory bacterial 
sections but, largely because of technical difficulties, without success. 
In the preparations examined a few objects were seen which strongly 
suggested cross-sections of bacteria, pink in the centre and blue at 
the periphery. But in examining these preparations, with the high- 
power and strong illumination required, color distortions occur — 
particularly in looking at minute objects — and these may easily lead 
one astray. Further attempts of this kind are now in course. 

Perhaps as strong evidence as could be desired for the hypothesis 
that B. anihracis consists of a Gram-positive cortex and a Gram-nega- 
tive medulla (short of that which bacterial sections would furnish), 
is provided by the picture obtained when smears from a young culture 
of this organism are stained by a modified Burke technic in which 
duration of closure to dye and mordant is greatly shortened, and 
duration of exposure to decolorizer greatly increased. In specimens 
of this l^d one finds individual bacteria in all stages of decoloriza- 
tion. A few of them may have retained their Gram positivity. But 
many are entirely Gram-negative, while still others show the remains 
of Gram-positive material clinging to the surface in the form of 
granules or lumps or plaques among which the pink Gram-negative 
medulla can be seen shining through. The appearance is exactly 
that of a banana, the skin of which had been in places removed, par- 
tially exposing the fruit within (see Fig. 4, A). Such a picture fits in 
well with the hypothesis under discussion.* Whether in specimens 
which have thus been partially decolorized bacterial substance is 
actually dissolved away from the siirface of the organism by the 

* A. T. Henrici (/. Med. Research, 1914, xxx, 409) has described similar 
partial decolorizations of 3 -east cells but appears not to have drar\-n anr- con- 
clusions as to the significance of these observations be 3 'ond their bearing on 
the Gram reaction. ° 
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decolorizer, or whether merely the mordanted metliyl violet is dis- 
solved away leaving tlie now unstained and invisible bacterial surface 
material behind, has not yet been definitely proven. The former 
explanation seems perhaps more likely to be tlie correct one. If it 
is, then specimens which have been partially decolorized ought — if 
restained by the ordinary Burke technic — to look just as they did 
before the restaining, since tlie surface material, capable of retaining 
the methyl violet, has been in large part removed by the partial 
decolorization. Such a result is illustrated in Fig. 4, C. The only 
difference between this picture, whicli represents a specimen which 
has been partial!}'’ decolorized and then restained by Burke and the 
picture shown in Fig. 4, A , — which represents a specimen that has 
been partially decolorized but not restained — is that the Gram-nega- 
tive material in Fig. 4, C, has a slight purplish tint. If such a result 
had been always obtained when this experiment was done the matter 
would be clear enough. But sometimes tire partially decolorized 
organisms, when restained, retained tire Gram stain throughout. 

Two critical experiments could be done to determine whether the 
change of size, in the bacteria whicli have been exposed to dye, 
actually rested on the anatomical structure of J5. anthracis as we have 
suggested. One ought to be able to show an actual loss of weight 
in the bacteria which have been subjected to tlie d3'’e, as compared 
with the controls; the demonstration of sudi a loss of weight, provided 
the specimens be desiccated before weighing, would prove that ap- 
parent diminution in size was real and would eh'niinate shrinkage as 
an explanation of the phenomena. One ought also to be able to dem- 
onstrate the presence of protein or hydrolytic products of protein in 
the acriviolet to which the bacteria had been exposed. These two 
tests were made and since both gave definite results agreeing with 
the hypothesis they provided additional testimony tliat the 
explanation suggested was correct. 

Weighing Experiments. 

The weight of the desiccated centrifugate from a heavy aqueous 
suspension of B. anihracis was determined and compared with tlie 
weight of a similar centrifugate from a suspension to whicli gentian 
violet had been added and in whicli reversal of Gram and diminution 
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in calibre had been produced. Definite loss of weight was shown 
to have occurred in the gentian violet suspension. These experi- 
ments gave the following results. 

Ger.iian 

CorJrcl tube 

Weight of tube plus dried centrifugate.. . II. 350 gm. 11.8250 gm. 

" “ empty tube 11.324 “ 11.8114 “ 


“ " bacteria, 


.027 “ .0136 “ 

.0136 “ 


Loss of weight in gentian violet tube 0134 “ = 49.6 per cent 

If it be assumed that all the gentian violet dissolved in the tube went to the 
bottom with the bacteria during centrifugation the figures become (since the 
amount of gentian vnolet used weighed .001 gm.) : 

Weight of bacteria in control tube 027 gm. 

“ “ “ “ gentian violet tube 0126 “ 


Loss of weight in gentian violet tube 0144 “ =53.3 per cent 

This experiment was repeated by identical technic e.xcept that on this occasion 
it was necessary to allow the tube, to which gentian violet had been added, to stand 
only 3 hoxirs in order to produce a complete reversal of Gram reaction. The 
results of this experiment v.-ere as follows; 

Gentian tioUt 

Cor.lroi tube 

Weight of tube plus dried centrifugate. . . 11.4535 gm. 11.0547 gm. 

“ “ empty tube 11.3336 “ 11.0274 “ 


“ “ bacteria, 


.1199 “ .0273 “ 

.0273 “ 


Loss of weight in gentian violet tube 0926 “ =77.2 per cent 

The experiment was again repeated in another way. Instead of centrifugating 
the specimens they were passed through previously weighed Berkefeld K 5 filters, 
which were then dried and weighed. The results were as follows: 

Gentian zidet 
Control tube 

Weight of filter plus dried bacteria 64. 1370 gm. 74.9680 gm. 

“ “ alone 61.5384 “ 73.3028 “ 

“ bacteria 2.5986 “ 1.6652 “ 

1.6652 “ 

Loss of weight in gentian violet suspension ,9334 “ = 35,9 -f per cent 
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Protein Tests of the Filtrate. 

If the suggestion is correct tliat tlie difference in diameter between 
the Gram-positive and Gram-negative forms of B. anihracis, is due 
to the solution of an outer Gram-positive coat, the presence of this 
protein — or protein-like — material ought to be demonstrable in the 
jBltrate of a suspension of B. anihracis to which dye has been added. 
Such a demonstration was made. For the purpose the ninhydrin 
test was used. This test is not specific for proteins'®"” so that it 
can only be said — not that the presence of protein was demonstrated — 
but that ninhydrin-positive bodies were present in the filtrates from 
suspensions of B. anihracis which had been exposed to dyes. These 
experiments were done as follows; 

Heavy aqueous suspensions of B. anthracis were centrifugated, washed three 
times in saline, and filtered through unused Berkefeld filters into glassware which 
had been cleansed with aqua regia. Filtrates were tested by ninhydrin, biuret, 
and Heller tests. The control filtrates were negative. The filtrates from sus- 
pensions to which dye had been added gave a positive ninhydrin test, and, when 
concentrated by evaporation, a positive biuret. 

It seems clear therefore that material, probably but not certainly 
protein in nature, is dissolved away by gentian violet, since its presence 
can be determined in the filtrate from 'suspensions of B. anihracis 
to‘ which the dye has been added, the controls (made with saline in 
order to avoid bacteriolysis) being negative by tlie biuret and ninhy- 
drin tests. Experiments are now imder way to determine the nature 
of the material present in the gentian violet filtrate and to see whether 
it has any toxic, immunizing, or other important properties. 

(Many observers have noticed the occurrence, in cultures of B. 
anihracis (and indeed of other organisms), of bizarre forms. Some 
of these bear a remote similarity to those produced b}’’ exposure to 
dyes. But they have usually been dismissed as “involution forms” 
resulting from plasmolysis or plasmoptysis (c.g. Gotschlichl,'® or as 

Ruhemann, S,, J. Cltcm. Sac., 1910, xcvii, 2030; 1911, xeix, 798. 

Neuberg, C., Biochem. Z., 1913, Ivi, 500-506; 1914, kvii, 56. 

” Harding, V. J., and MacLean, R. M., J. Biol. CJiem., 1916, xxv, 350. 

1® Gotschlich, E., in Kolle, W., and von Wassermann, A., Handbuch der 
pathogenen Mikroorganismen, Jena, 2nd edition, 1912, i, 45. 
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“teratological forms, or as “degeneration forms.” In his beauti- 
ful studies of the morpholog}’- of B. anlhrads Preisz-“ pictures, without 
apparently paying much attention to them, bizarre forms of this 
kind. He worked with old cultures, the organisms were not stained 
by Gram, but vitally stained with fuchsin, and nothing is said of 
their Gram reaction. In Fig. 7, Table 3, of his 1909 publication stout 
and slender segments are represented. Nothing is said about them. 
The specimen was not stained by Gram. It was made from a 2 days 
old culture which had been exposed to a mixture of dog and guinea 
pig semm (5tl), and Preisz appears to have paid little attention to 
the question of size. He made no measurements. Preisz’ chief 
interest lay in the capsule which he regarded as a degeneration product 
of the cell membrane. Zettnow,” who was interested chiefly in 
bacterial chromatin, worked solely with the Romanowski stain. 
He described the badllus of anthrax as composed of two parts; an 
ectoplasm, which remains colorless by the Romanowski and all 
ordinary staining methods, and an entoplasm which stains blue by 
Romanowski, and which contains chromatin (stained red by Romanow- 
ski). “A large number of bacteria consist entirely of chromatin. 
Even in those which stain both blue and red, chromatin strongly 
predominates. In exceptional cases in very young cultures the 
plasma occxirs in larger amounts than the chromatin but as growth 
proceeds the relation is reversed.” The ectoplasm, compared to 
the entoplasm, is said to be relatively poor in water content and is 
more concentrated, as is dear from its greater resistance to stains, 
to plasmolysis, and to destructive influences. In contradistinction 
to B. anthracis, coed and sarcinEe take only one color, the blue (ento- 
plasm) , Zettnow made no studies by the Gram method. He made 
no measurements. In our own work smears of organisms which 
had been exposed to acriviolet imtU partial reversal had occurred 
were stained by numerous polychrome methods, induding Romanow- 
ski. No selective staining, such as that described by Zettnow, was 
observed. From all these data it seems clear that there is no relation 
between the picture obtained by Zettnow and that described in this 
communication. Zettnow’s ectoplasm is said to remain colorless 

Maassen, A., Arb. k. Gsndhlsamte, 1904, xxi, 385. 

"“Preisz, H., Cmlr. Bakt., 1. Abl., Orig., 1903-04, xxxv, 657; 1909, xlix, 341. 
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in all ordinary staining methods. Since both cortex and medulla 
stain readily both would appear to lie within the entoplasm. 

Gram Stability and Gram Instability. 

The fact that tlie material responsible for the Gram positivity of 
B. anthracis appears to be confined to the surface of this organism 
and that the centre is Gram-negative, made it seem likely tliat the 
Gram positivity of B. anthracis would be relatively unstable as 
compared with tliat, for example, of M. frcndcnreichii, an organism 
in which no distinction between Gram-positive surface and Gram- 
negative interior had been demonstrable. It had been found, indeed, 
by preliminar}’- observations that, — altliough 5^oung cultures of 
B. anthracis were completelj'’ and definitely Gram-positive (when 
stained by the Burke method), provided the technic was accurately 
followed — an increasing proportion of individuals in a given specimen 
became Gram-negative if the time of exposure to dye and mordant 
was diminished and the time of exposure to decolorizer increased. 
A systematic study was therefore made to see what the effect on 
different Gram-positive organisms would be, of variations in time of 
exposure to stain, to mordant, and to decolorizer. It was found that 
for many organisms {M. Jrcu-denreichii may be cited as a typical 
example) variations in time of exposures made, witliin wide limits, 
practically no difference in the results, M. freudcnrcichii being always 
99 per cent to 100 per cent positive. In the case of other Gram-posi- 
tive organisms {B. anthracis for example), mde variations in the 
result could be obtained by varying the technic as regards time of 
exposure.®^ 

The facts are well represented in Fig. 4, B, in whicl: are illustrated 
the results of an experiment done with a suspension containing a 
rnixture of B. anthracis (N. Y. B. of H.) and M. freudcnrcichii. 
The smear has been stained by a modified Burke technic (stain 5 
seconds, iodine 5 seconds, decolorizer 10 minutes). B. a 7 ithracishz.s 
been largely decolorized: M . frendcnreichii unaffected. 

When investigated in two ways therefore — by the results of ex- 
posure to acriviolet (see Fig. 2) or by modifications of staining tech- 

Churchman, J. W., Slain Technol., 1927, ii, 21. 
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me in the direction oi diminished time o{ exposure to dye and mor- 
dant and prolonged time of exposure to decolon'zer (see Fig. 4, B) — two 
Gram-positive organisms are seen to behave quite differently, as 
regards their Gram reaction. Light is thus thrown on the mechanism 
of the Gram reaction and the fact emerges that this mechanism is 
not necessarily the same in the case of bacteria of different species 
even though their behavior to the standard technic is identical. This 
distinction between stable and unstable Gram-positives appears to 
be a useful one. It is suggested that in recording the Gram reaction 
of new spedes, some such set of comparative tests as here described 
be carried out so that the stability of the reaction be known. 

Examination of Hanging Drop Specimens. 

Attention has been called to the facts that the difference in size 
between Gram-positive and Gram-negative segments of B. anthracis 
is demonstrable in unstained hanging drop specimens, made from 
suspensions which have been exposed to acriviolet or gentian violet 
and in smears stained with a single dye like methyl violet. From 
these facts — represented in Fig. 3, C and D, — one can only conclude 
that the reduction in calibre is real and not the result of an artefact. 

The experiment of Jlay 25, from which Fig. 3, D, was made, may 
be dted. A suspension of a 3 hour culture of B. anthracis No. 10 
was made and gentian xdolet added. At the end of 2 hours smears 
stained by Burke, showed that the organism had changed from 100 
per cent Gram-positive to 50 per cent Gram-positive and beautiful 
instances of great variation in size between adjacent bacterial seg- 
ments were numerous. A hanging drop specimen was made. The 
organisms had picked up enough of the gentian violet to which they 
had been exposed to be clearly visible and the marked differences in 
size represented in the figure were readily made out. It was notice- 
able that the stout segments were always more deeply stained than 
the slender. 

Observations of this sort left no doubt as to the reality of the 
difference in size between adjacent bacterial segments. But throu<^h- 
out the experiments with hanging drop specimens I was struck 
by a curious fact: If specimens of B. anthracis which had been 
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treated with acriviolet were stained by Burke or by Paltauf and the 
stout and slender forms measured, a difference ol diameter — often 
as high as 60 per cent — was readily made out. li, however, specimens 
from the same tube were stained with a single dye or examined in the 
hanging drop this difference in size was sometimes by no means so 
readily observed. This observation led us at first to the conclusion 
that the difference in diameter which we had seen in the smears 
stained by Burke was apparent and not real. The demonstration, 
however, of an actual loss of weight, of a clear difference of size in 
many of the hanging drop specimens, of the presence of protein (or 
related substance) in the filtrate from bacterial suspensions containing 
acriviolet, and of the presence of cortex and medulla, by methods of 
partial decolorization, all pointed to a real and not an apparent loss 
of calibre. 

The fact that the difference in size between Gram-positive and 
Gram-negative segments is not as a rule so obvious, in the fresh 
specimen and in those stained with a single stain, as it is in the speci- 
men stained by Burke, is to be explained partly by the fact that the 
Burke stain gives a contrast of color which at once attracts the eye 
and at the same time emphasizes the difference in size. This contrast 
is absent in the single stains and change in size unless very marked 
is easily overlooked even when it is present. Another reason for tlie 
apparent discrepancy is that the Gram-negative segments — that is 
to say, the smaller segments — often stain (when only single stains 
are used) very lightly, in some cases not at all; and these ghosts easily 
escape detection. In the fresh specimen the slender segments are 
translucent, often nearly invisible, and it is probable that many of 
them are overlooked. It may also be tlae case that the Burke stain 
somewhat exaggerates the degree of the difference in size, whicli is 
none the less real. 

It results from all this that one must have for examination in tlae 
fresh or with single stains, specimens in which the difference in size 
is quite marked indeed. In specimens stained by Burke on the other 
hand the difference in size is very striking even when it is not great 
in degree. 
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SUM.\URY. 

1. The addition of small amounts of aqueous gentian violet, acri- 
flavine, or acri\aolet to suspensions of young cultures of B. anlhracv; 
reverses tlieir Gram reaction, and diminishes their diameter about 
40 per cent. 

2. The time required for these changes varies with the strain of 
B. aiillirads examined. 

3. These changes are accompanied by a loss of weight. 

4. Ninhj'drin-positive substances are demonstrable in the filtrate 
from suspensions of B. aiilhracis to which dyes have been added. 

5. Similar changes are produced by these dyes in many, but not 
in all, of the sporogenic aerobes. 

6. Non-spore bearers are for the most part unafiiected in these 
ways by the dyes, although to this statement there are a number of 
exceptions. 

7. The change in size produced by the dyes is demonstrable in 
hanging drop specimens as well as in stained smears, but not with 
equal constancy. 

8. Partial decolorizations of B. anthracis are described, which are 
produced by modifications of the Burke technic in which time of 
exposure to dye is shortened and time of exposure to decolorizer 
lengthened. 

9. The explanation for these phenomena which accords with all 
the known facts is that they depend on the existence in B. anlhracis 
of a Gram-positive cortex and a Gram-negative medulla. Positive 
proof of the correctness of this explanation must await the evidence 
furnished by cross-sections of bacteria. 

EXPLANATION OF PLATES. 

Plate 34. 

Fig. 1. Camera lucida drawing. Magnification X 4200. This plate shows two 
successive stages in the change produced in the Gram reaction and in the calibre 
of B. anthracis (A. T. C. No. 10) by exposure to acriviolet. Smears stained by 
Burke’s method. 

A , smear made for control at the beginning of the experiment. The organism 
is completely Gram-positive. 

B, smear made from a specimen which has been exposed to acriviolet for 45 
minutes. Partial reversal of the Gram reaction has occurred, about 25 per cent 
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of the individuals being Gram-positive and 75 per cent Gram-negative. Notice 
the marked difference in calibre between the Gram-negative fonns and the Gram- 
positive, and the fact that the spore is cntirel}’ contained in the Gram-negative 
portion of the organism (a). One gets the impression of a .smear made from a ma- 
ture of two different organisms. 

C, smear made from a specimen which has been e,\poscd to acriviolct for 2 
hours, showing complete reversal of Gram reaction. Practically every indiwidual 
is now Gram-negative. 

J*L,vri: 35. 

Fig. 2. Camera lucida drawing of a mixture of Ji. aiiihrads (N. Y. B. of H.) 
and M. frcudcmckhii (A. T. C.). Magnification X 4200. Stained by Burke’s 
method. 

A, smear from the control tube. Both organisms arc sharply and completely 
Gram-positive. One stra}' Gram-negative individual of B. an'.hracis is seen. 

j5, smear from specimen which has been e.xposcd to acriviolet. The Gram 
reaction of B. aiithracis has been in large part reversed, almost all of the individual 
organisms being now Gram-negative. All the individual organisms of If . 
Jrcudmrcichl'i are, on the otlier hand, as strongly Gram-positive as at the start 
of the experiment. The difference in calibre between Gram-positive and Gram- 
negative forms is verj' evident. 

Plati: 36. 

Fig. 3. Camera lucida drawings. Flagniiication X 4200. 

This plate represents the slight variations in difference of size, between Gram- 
positive and Gram-negative forms, produced bj' \’ar 3 'ing the conditions of the 
experiment. 

A, smear made from a specimen of B. aiilhracis (N. ’i'. B. of II.) which has been 
exposed to acriviolet until partial reversal of Gram reaction has occurred, and 
stained by Paltauf’s niodificaiiou. The difference in calibre, between Gram- 
negative and Gram-positive forms, though definite, is le.ss marked than in B. 
Notice (a) the spores within the medulla. 

B, smear made from a specimen of B. anthrai is (A. T. C. No. 10) which has been 
e.xposed to acriviolet and stained by Bitrke's inodifieatiou. Compare the difference 
in calibre with that shown in A . 

C, smear made from a specimen of B. aiithracis (A. T. C. No. 10) which has 
been exposed to acriviolet and stained only with Burke's methyl violet. The pres- 
ence of stout and slender forms is e'vndenl. The picture obtained in the specimens 
stained b}’ the Burke technic cannot therefore be an artefact produced by that 
technic. 

D, drawing of individual organisms seen in a hanging drop specimen made 
from a suspension of B. aiithracis (A. T. C. No. 10) which has been exposed to 
gentian violet. The li\dng organisms have taken up enough of the stain to make 
them clearl}' visible and the difference in calibre between Gram-positive segments 
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(which take the stain fairly well) and the Gram-negative segments (which remain 
pale) is perfectly clear. The difference in size caused by exposure to dyes is 
therefore real and not an artefact produced by the Burke technic. 

Pl\te 37. 

Fig. 4. Camera lucida drawings, hlagnification X 4200. 

A, partial decolorization of B. anthracis (A. T. C. No. 10) by modified Burke 
technic (stain 5 seconds, iodine 5 seconds, decolorizer 3 minutes). 

The Gram-positive material has been partially removed from the surface, 
persisting only as plaques or lumps or stippling through which the pink Gram- 
negative rod in the interior of the organism can be seen. Notice (a, b, c) the caps 
of Gram-positive material at the ends of the bacterial segments. 

B, smear of a mixture of B. anthracis (A. T. C. No. 10) and M. fretidenreichii 
(A. T. C.) which has been stained b}' modified Burke technic (stain 5 seconds, 
iodine 5 seconds, decolorizer 10 minutes). 

Almost everj' individual organism of B. anthracis has been completely de- 
colorized; but M.freudcitrcichii has remained completely Gram-positive. 

C, smear of B. anthracis (A. T. C. No. 10) stained by the same modification of 
Burke’s technic as that used in the experiment represented in A , and then restained 
by the ordinary Burke technic. The portions of the organisms which were de- 
colorized by the first process now fail to take the stain in the second and appear 
as in A, except that the pink color has become purplish pink. Notice (a, h) 
terminal caps of Gram-positive material. 

PLiTE 38. 

Fig. 5. Photographs of single chains from specimens of B. anthracis, which 
have been exposed to acrimolet, to show the difference in calibre between Gram- 
negative and Gram-positive segments as seen at various magnifications. On 
account of the difference in calibre accurate focussing at the higher magnifications 
is impossible. 

A, magnification X 1400. Stained by Burke’s modification. Alternating 
Gram-positive and Gram-negative segments. B. anthracis (A. T. C. No. 10). 

B, magnification X 1800. A Gram-negative segment with a Gram-positive 
segment at either end is plainly seen. B. anthracis (.A. T. C. No. 10) stained by 
Burke’s modification. 

C, magnification X 2500. The same chain represented in B. 

D, magnification X 3200. B. anthracis (N. Y. B. of H.) stained by Paltauf’s 
modification. The difference in calibre between Gram-positive and Gram- 
negative segments, though clear, is less marked than ia.A,B, and C. 
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Fig. 1. 

(Churchman: B. cnlhracis and Cram reaction.) 
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Fig. 2. 

(Churdmon: B. cr.lhracU and Gram reaction.) 
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(Churchmn: B. cr.lhrzcit and Gram reaction.) 
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(Churchrain: B. crUhcch and Gram rnactlon.) 
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Anemia, transitory, and leuco- 
penia, after intravenous in- 
oculation, correlated with 
local progression with spon- 
taneous regression of tuber- 
culosis in marrow (Doan 
and Sabin) 315 

Human, pathological, white 
blood cells (Doan and Zer- 
fas) 511 

Liver: 

Extract, protein-free, influence 
on blood regeneration and 
respiratory exchange in 
anemia Qeney) 689 

Lungs: 

Heat, local, conditions neces- 
sary for production (Binger 
and Christie) 585 

Temperature measured (Bin- 
ger and Christie) 571 
Tumor induced in lungs of 
mice with tar, inheritance 
of susceptibility (Lynch) 

917 


Lysis: 

Bacteriophage against hemo- 
lytic streptococci of ery- 
sipelas origin (Shwartzman) 

497 

M 

Magnesium sulfate: 

Heparin combined with, in- 
fluence on extracorporeal 
thrombosis (Shionoya) 

963 

Malignancy : 

Tumor, effect of filtrable virus 
(Pearce and Rivers) 81 

— , — — host immunity to 
filtrable virus (Pearce and 
Ri\'ers) 65 

Maltase: 

Bacillus dipltlherise (Sugg, 
Feeihng, and Neill) 

909 

Marrow: 

Tuberculosis, local progression 
with spontaneous regression, 
correlated with transitory 
anemia and leucopenia after 
intravenous inoculation 
(Doan and Sabin) 315 

white blood cells in human, 
pathological leucocytic 
states (Doan and Zerfas) 

511 

■_ — in human, patho- 
logical leucopenic states 
(Doan and Zerfas) 

. 511 

Meningitis: 

Pneumococcus, in rabbits 
(Stewart) 39 j 

, local specific therapy. 

I (Stewart) 391 

“ • n (Stewart) 

, . 409 

, pathology in dogs (Stew- 
art) 4QP 

j production in dogs 
(Stewart) 4Q9 
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Meningitis — continued: 

Pneumococcus, treatment in 
dogs (Stewart) 409 

Metaplasia : 

Vitamin A deficiency, relation 
(Goldblatt and Beni- 
sciiek) 699 

Method : 

Van Leersum, modified, for 
measurement of systolic 
blood pressure of normal 
rabbit (Dominguez) 

443 

Microspirometer : 

Oxygen absorption by liwng 
cells studied by (Wilbur, 
Daland, and Cohen) 

43 

Monocyte : 

Clasmatocyte and, relation to 
early infection in rabbits 
with bovine tubercle bacilli 
(Sabin and Doan) 627 
Mutation : 

Bacillus coli, from bovine 
sources, immunological signi- 
ficance (Smith and Bryant) 

133 

mutant from bovine 

sources, normally and sero- 
logically induced resistance 
(Smith) 141 

Myelogenous: 

Leucemia, chronic, absorption 
of oxygen by blood, com- 
pared with absorption b}'- 
blood from normal individ- 
uals (Daland and Isaacs) 

53 

N 

Neoplasm: 

See Tumor. 

Nephrectomy: 

Unilateral, effect of dietary 
protein on remaining kidney 
after (Moise and Smith) 

27 


Nervous system: 

Central, perivascular tissues 
studied with supravital 
technique (Kubie) 615 

O 


Obstruction: 

Gastrointestinal tract, upper, 
oxygen content of venous 
blood (Haden and Orr) 

709 

Opsonin: 

Antipneumococcus, relation to 
natural resistance against 
pneumococcus infection 
(Robertson and Sia) 

239 


Oxidation: 

Pneumococcus extracts, oxi- 
dized, reactivation of bac- 
teriolytic activity (Neill 
and Fleming) 263 

Reduction and, of immuno- 
logical substances. 
(Neill and Fleming) 

263 

, — immunological sub- 
stances. \TI (Fleming) 

279 

, — immunological sub- 
stances. VIII (Neill, 
Fleming, and Gaspari) 

735 

— — , — immunological sub- 
stances. IX (Fleming and 
Neill) 755 

, — immunological sub- 
stances. X (Neill, Flem- 
ing, and Gaspari) 777 
Oxygen: 

Absorption by blood from nor- 
mal indiwduals compared 
with absorption by blood 
from patients with increased 
leucocyte counts (Daland 
and Isaacs) 53 
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Oxygen — conliuucd: 

Absorption by living cells, stud- 
ied by microspirometer 
(W'lXBUR, DaiaivD, and 
Cohen) 43 

Blood, venous, after upper gas- 
trointestinal tract obstruc- 
tion (BLaden and Orr) 

709 

P 

Paratyphoid : 

-enteritidis, microbic \drulence 
and host susceptibility. 
XII (Pritchett) 557 

Guinea pig. Ill (Nelson) 

541 


Pathogenicity: 

Bacillus coli from bovine 
sources. I (Smith and 
Little) 123 

— — — bovine sources. 11 
(Smith and Bryant) 

133 

bovdne sources. Ill 

(Smith) 141 

— — — bovine sources. IV 

(Smith) 155 

— bovdne sources, cul- 

ture filtrates (Smith and 
Little) 123 

Pathology: 

Meningitis, pneumococcal, in 
dogs (Stewart) 409 

White blood cells in human 
pathological leucocytic 

states (Doan and Zereas) 

511 


. — — — in human patho- 
logical leucopenic states 
(Doan and Zerpas) 

511 


Phosphatide: 

Bacillus tuberculosis, human, 
biological reactions of rab- 
bits (Sabin and Doan) 

645 


Plasma: 

Rabbit, thickness of monolaj’er 
(du Nouy) 1 

Pneumococcus: 

Extract, oxidized, reactivation 
of bacteriolytic activity 
(Neill and Fleming) 

263 

Growth inhibition. VII (Rob- 
ertson and Sia) 239 

Hemoto.xin, antigenic prop- 
erties of hemolytically active 
modification (Neill, Flem- 
ing, and Gaspari) 735 
— , of hemolytically in- 

active modifications (Neill, 
Fleming, and Gaspari) 

735 

— , erythrocyte-combining 
property (Fleming and 
Neill) 755 

— and protein fraction, 

immunological distinctions 
(Neill, Fleming, and Gas- 
pari) 777 

Infection, relation of opsonins 
to natural resistance (Rob- 
ertson and Sia) 239 

Meningitis in rabbits (Stew- 
art) _ 391 

— , local specific therapy. I 
(Stewart) 391 

— , . n (Stewart) 

409 

— , pathology in dogs (Stew- 
art) 409 

— , production in dogs (Stew- 
art) _ 409 

— , treatment in dogs (Stew- 
art) _ 409 

inucosus, immunity. IH 

(Tillett) 343 

— , resistance increased by im- 
munization with R forms 
(Tillett) _ 343 

> , — — by immunization 
with S forms (Tillett) 

343 
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Pneumococcus — continued: 

Rough, in vivo (Paul) 

807 

Smooth and rough colonics 
(Paul) 793 

Type 11, immunological prop- 
erties of tj'^pical (S-produc- 
ing) strain and degraded 
(non-S-producing) strain 
(Gaspari, Fleming, and 
Neill) 101 

— — , vaccination in mice 
(Neill and Gaspari) 

113 

Precipitin: 

Agglutination (Jones) 

303 

Protein: 

Bacillus iuberculosis, human, 
biological reactions of rab- 
bits (Sabin and Doan) 

645 

Dietary, effect on remaining 
kidney after unilateral ne- 
phrectomy (Moise and 
Smith) 27 

Liver extract, protein-free, in- 
fluence on blood regenera- 
tion and respiratory ex- 
change in anemia (Jeney) 

689 

Pneumococcus, immunological 
distinctions from hemotoxin 
(Neill, Fleming, and 
Gaspari) 777 

Spleen extract, protein-free, in- 
fluence on blood regenera- 
tion and respiratory ex- 
change in anemia (Jeney) 

689 

Pseudopodium: 

Leucocyte, relation of adhesive 
force to leucocyte emigra- 
tion (Abramson) 1003 


R 

Reduction: 

Oxidation and, of immuno- 
logical substances. VI 
(Neill and Fleming) 

263 

, — immunological sub- 
stances, VII (FLEmNG) 

279 

— — , — immunological sub- 
stances, ITII (Neill, 
Flexung, and Gaspari) 

735 

, — immunological sub- 
stances. IX (Fleming and 
Neill) 755 

— immunological sub- 
stances. X (Neill, Flem- 
ing, and Gaspari) 777 

Reflex; 

Hering-Breuer (Moore) 

819 

Respiration : 

Cell. I (Wilbur, Daland, 
and Cohen) 43 

— . II (Daland and Isaacs) 

53 

Exchange, respiratory, and 
blood regeneration in 
anemia, influence of protein- 
free liver extracts (Jeney) 

689 

— , — , — blood regeneration 
in anemia, influence of pro- 
tein-free spleen extracts 
(Jeney) 689 

system: 

Immunit 3 L IV (Jungeblut) 

609 

S 

Salmonella: 

Paratyphoid in endemic stage 
(Nelson) 541 
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Scours: 

Bacillus coli, variations from 
standpoint of bacterio- 
phagic action (Nelson) 

549 

Sensitkation; 

Serum, of acid-fast bacteria 
(Mudd and Mudd) 173 
Sepsis : 

Oxj'gen absorption by blood, 
compared vritb absorption 
by blood from normal in- 
dhiduals (D aland and 
Isaacs) 53 

Serology: 

Bacilltts coZi mutant from bovine 
sources, resistance (Smith) 


Germicidal action of soaps, 
effect on, of (Eggerth) 

671 

Sensitization of acid-fast bac- 
teria (Mudd and Mudd) 

173 

Surface tension. XV (du 
Notiy) 1 

Soap : 

Germicidal action, effect of 
serum (Eggerth) 671 

Specificity: 

Carbohydrate from Type A 
Friedlander bacUlus, isola- 
tion and properties (Goebel 
and A^rERY) 601 

— — — C Friedlander ba- 
cillus, isolation and proper- 
ties (Goebel and Avery) 

601 

Cholera vibrio (Landsteiner 
and Levine) 213 

Friedlander’s bacillus, soluble 
substance. Ill (Goebel 
and Atcry) 601 

Spleen: 

Extract, protein-free, influence 
on blood regeneration and 


Spleen — conlinuedi 

respiratory e.vchange in 
anemia (Jeney) 689 

Splenectomy: 

Diphtheria toxin action in 
splenectomized and blocked 
mice (Jungeblut) 609 
Staining: 

Gram, reversal of reaction, and 
structure of Bacillus anthracis 
(Churchman) 1007 

Supravital, for study of peri- 
vascular tissues of central 
nervous system (Kubie) 

615 

Streptococcus: 

Bacteriophage. I (Shwartz- 
man) ’ 497 

Biology. Vn (Dochez and 
Stevens) 4S7 

Hemolytic, of erj'sipelas origin, 
powerful lytic principle 
against (Shwartzman) 

497 

scarlatinse, toxin (Duval and 
Hibbard) 379 

Submaxillary gland: 

See Gland. 

Suprarenal: 

See Adrenal. 

Susceptibility: 

Host, and microbic virulence 
in paratyphoid-enteritidis in- 
fection. XII (Pritchett) 

Tumor, relation to hereditV 
rv'" (Lynch) 91 7 

, tar-induced, in lungs of 
mice, inheritance of suscep- 
Syphfli?-'^^^^ (Lynch) 917 

VII (C^sney, Halley, and 

ivEirp) 223 

Reinoculation of treated and 
untreated rabbits with he- 
terologous strains of Tre- 
ponema pallidum (Chesney 
Halley, and Kemp) 223 
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I'emperature : 

Blood, circulating (Binder and 
Christie) 595 

Lungs, conditions necessary for 
production of local heat 
(Binder and Christie) 

585 


— , measurement (Binder and 
Christie) 571 

Tension : 

Surface, of serum. XV (dh 
N oijy) 1 

Tetanolysin: 

Differentiation from teta- 
nospasmin (Flemind) 

279 


Tetanospasmin: 

Differentiation from 
nolysin (Flemind) 


teta- 

279 


Thrombosis : 

Extracorporeal. I (Rowntree 
and Shionoya) 7 

— . II (Shionoya) 13 

— . Ill (Shionoya) 19 

— . IV (Shionoya) 957 

— . V (Shionoya) 963 

— . VI (Johnson) 979 

— , direct observation (Rown- 

TREE 'and Shionoya) 

7 

— , effect of combination of 
heparin and magnesium sul- 
fate (Shionoya) 963 

— , ■ — _ — physical and me- 
chanical factors without use 
of anticoagulants (Shionoya) 

957 


— ) ■ — — physical and me- 
chanical factors with use of 
anticoagulants (Shionoya) 

957 

— , in normal blood (Shionoya) 

13 

— , and mechanism of thrombus 
formation, effect of heparin 
(Shionoya) 19 


[ Thrombosis — continued’. 

Extracorporeal, and mechanism 
of thrombus formation, ef- 
fect of hirudin (Sihonoya) 

19 

— , technical modifications in 
method (Johnson) 979 
Tissue: 

Extract, effect on red blood 
cell regeneration (Jeney and 
JOBLINO) 839 

Growth, and diet. V (Moise 
and SxnTii) 27 

Perivascular, of central nervous 
system, studied with supra- 
vital technique (Kubie) 

615 

Toxin: 

Diphtheria, action in splenec- 
tomized and blocked mice 
(Jundebeht) 609 

Streptococcus scarlatince (Dtr- 
v.fVL and Hibbard) 379 

Transplantation: 

Tumor, transplantable, growth 
and malignancy, effect of 
filtrable \drus (Pearce and 
Rivers) 81 

— , — , ■ — and malignancy, 
effect of host immunity to 
filtrable virus (Pearce and 
Rivers) 65 

Treponema : 

pallidum, reinoculation of 
treated and untreated sy- 
philitic rabbits with heter- 
ologous strains (Chesney, 
Halley, and Kemp) 

223 


Tuberculosis : 

Bacillus, bovine, relation of 
monocytes and clasmato- 
cytes to early infection in 
rabbits (Sabin and Doan) 

627 

— , human, biological reactions 
in rabbits to phosphatide 
from (Sabin and Doan) 

645 
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Tuberculosis — continued-. 

Bacillus, human, biological re- 
actions in rabbits to protein 
irom (Sabin and Doan) 

645 

— , surface composition (I^Iudd 
and liluDD) 167 ] 

Local progression 'with spon- 
taneous regression in bone 
marrow, correlated with 
transitory anemia and leuco- 
penia after intravenous in- 
oculation (Doan and Sabin) 

315 

Tumor: 

Growth and malignancy, effect 
of filtrahle \drus (Pearce 
and Rivers) 81 

— — — , effect of host im- 
munity to filtrable virus 
(Pearce and Rivers) 

65 

Susceptibility, relation to he- 
redity. IV (Lynch) 917 
Tar-induced, in lungs of inke, 
inheritance of susceptibility 
(Lynch) 917 

Transmission not accomplished 
with cell-free materials 
(Pearce and Murphy) 

205 

Typhoid: 

Mouse, Bacillus enteritidis, 
mode of spread of infection. 
I (Webster and Pritchett) 

847 

— , mode of spread of 

infection. II (Webster and 
Burn) 855 

— j — — , mode of spread 
of infection. Ill (Webster 
and Burn) 871 

— , — — , mode of spread of 
infection. IV (Webster 
and Burn) 887 


Ultrafiltration: 

r. (Zinsser and Tang) 


Uremia: 

Adrenal cortex enlargement 
(MacKay and MacKay) . '' 


Vaccination: 

Pneumococcus T\'pe II, in 
mice (Neill and Gaspari) 

113 

Van Leersum: 

Method. See Method. 

Vein: 

Blood, venous, oxj'gen content 
after upper gastrointestinal 
tract obstruction (Haden 
and Orr) 709 

Vibrio: 

Cholera, specific substance 
(Landsteiner and Levine) 

213 

Virulence: 

Bacillus enteritidis, mouse ty- 
phoid, relative virulence of 
smooth, mucoid, and rough 
strains (Webster and Burn) 

887 

Microbic, and host suscepti- 
bility in parat 3 ’phoid-enteri- 
tidis infection. XII (Prit- 
chett) 557 

Virus: 

Filtrable, in submaxillarj' 
glands of guinea pigs 
(Kuttner) 935 

— (Rivers Virus III), effect 
of host immimity to, on 
growth and malignancj' of 
transplantable neoplasm 
(Pearce and Rivers) 

65 

, effect on growth 
and malignancy of trans- 
plantable neoplasm (Pearce 

ir* Rtitrs) 81 

A, deficiency, and metaplasia 
(Goldblatt and Beni- 

SCHEK) ggg 



